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PREFACE

Positive reinforcers appear to stimulate drug cravings that
lead to continual drug use. It has been suggested that stress may
serve a similar role. It may be that when stress is introduced,
drugs such as nicotine may become more reinforcing. It was
hypothesized that puffs would be more reinforcing to smokers in the
stress condition compared to émokers invthe'relaxation condition.
In addition, smokers in the neutral condition would find puffs less
reinforcing than smokers in the stress condition and more
reinforcing than smokers in the relaxation condition. Forty-five
dependent smokers were assigned to one of three groups: 1) Mental
Math (stress condiﬁion), 2) Behavioral Relaxation (relaxation
conditioﬁ), or 3) Control (neutral condition). Subjects engaged in
a concurrent variable ratio (VR) schedule of reinforcement task to
earn either cigarette puffs or money. Nine VR schedules ranged from
a VR 4 through VR 53 for puffs and from a VR 4 through VR 12 for
coins. An ANOVA conducted on the last three VR schedules revealed a
significant main effect for schedule and a significant two-way
interaction for condition by schedule. These results demonstrated a
trend for smokers in both the Mental Math and the Behavioral
Relaxation Groups to find nicotine more reinforcing because they

worked longer and harder for nicotine.
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LITERATURE REVIEW
Intro@uction and Overview

Both stress and cigarette‘smoking activate the sympathetic and
parasympathetic nervous systems (MécDougall, Dembroski,  Slaats,
Herd, & Eliot, 1983). However, cigarette smoking appears to reduce
stress in addicted smokers. The specific physiological basis for
the stress-reducing effects of nicotine is not known, although
studies have reported that smokers can regulate nicotine intake to
obtain either a depressant or a stimulant effect at will depending
on their pre-smoking state (Ashton & Stepney, 1982; Pomerleau &
Pomerleau, 1984). Under stress, people smoke more (Pomerleau &
Pomerleau, 1987); data are needed to better understand this
relationship.

Given that smokers increase their smoking rate under stress,
one hypothesis is that nicotine becomes more reinforcing under
stress. The present study evaluated changes in the reinforcing
properties of nicotine under three conditions: (a) Mental Math,

(b) Behavioral Relaxation; and (c)vControl. The Mental Math
condition involved serial subtraction problems in a time-pressured
setting and served as a manipulation of stress (stress condition).
The Behavioral Relaxation condition.involvedvinstruction in Poppen's
(1988) behavioral relaxation procedures (relaxation condition). The
Control condition involved reading magazines (neutral condition).

In order to demonsfrate the reinforcement value of nicotine, each

smoker had the opportunity to earn cigarette puffs or coins on a



concurrent schedule computer game. The game was designed to pay off
nickels or cigarette puffs as the reinforcers. The amount of work
(key presses) to earn puff reinforcers was programmed to gradually
increase from a variable ratio (VR) 4 to a VR 53 while coin
reinforcers increased from a VR 4 to a VR 12 and then remained
constant. A stressed smoker's preference for cigarette puffs over
coins regardless of the higher VR schedules would demonstrate that
nicotine becomes more reinforcing under-stress._
| The preéent paper is organized into several sections. First,
definitions of stress are reviewed. Second, the literature on
stress and smoking is reviewed in terms of the role of stress on the
initiation? maintenance, and relapse of smoking. 1In addition, a
brief discussion of the stimulant effects of stress and smoking is
presepted. Next, reinforcement theory is reviewed with a focus on
positive and negative reinforcement processes. Finally, behavioral
ecoﬁomic theory ié discussed as a means of studying the
reinforcement properties of a substance.
Stress

Stress can be defined in many ways. For example, stress can be
understood as an individual's perception that life's demands surpass
that person's ability to cope with those demands (Lazarus & Folkman,
1984). Likewise, stress can be defined as the strain resulting from
an aversive event or as a set of behavioral or affective responses
(Cohen & Lichtenstein, 1990; Lazarus & Folkman, 1984). Furthermore,
stress is known to stimulate the body by activating the sympathetic

nervous system (SNS) which affects cardiac function. As a result,



the cardiovascular system responds to stress with an increase in
heart rate (HR), stroke volume, vascular resistance, and blood
pressure (BP; MacDougall et al., 1983). Stress also has been linked
to all phases of smoking (eg., initiation, maintenance, and
relapse).

Stregss and Smoking

Initiation of Smoking. Various stressors have been identified
as reasdns to initiate smoking. Brunswick and Messeri (1984) found
that for black urban adolescent girls, school stress was a causative
factor in initiating smoking. However, for black adolescent boys,
Brunswick and Messeri (1984) found that those who were pessimistic
about their prospects for success by societal norms were equally
prone to start smoking. Furthermore, adolescents with fewer
psychological resources (low self esteem, high trait anxiety, and an
external locus.of control) were the most likely to start smoking and
to continue smoking as a means of stress management (Penny &
Robinson, 1986). The high levels of anxiety indicated by adolescent
smokers suggest that smoking serves a stress reduction function or
is a stress management technique.

Maintenance of Smokinq. Cigarette smokers commonly report that

smoking is both stimulating and relaxing depending on the current
situation (Epstein & Jennings, 1986). These effects can promote the
long-term maintenance of a smoking habit. Pharmacologically,
nicotine is a stimulant; however, in stressful situations, smokers
claim that nicotine helps them relax (Norton & Howard, 1988). When

under stress smokers self-regulate nicotine intake (Ashton &



Stepney, 1982; Pomerleau & Pomerleau, 1984) to achieve a state of
relaxation. One method smokers use to regulate nicotine dosage is
to adjust each puff voluﬁe. Thus, when a larger dose of nicotine is
~desired, a smoker will inhale mdre deeply (Pomerleau & Pomerleau,
1987). A second method smokers use to regulate nicotine is to smoke
more cigarettes.

There are several possible explanations for a stress-induced
increase in cigarette smoking. One such hypothesis is that smokers
maintain desired levels of plasma nicotine by regulating nicotine
intake (P§merleau & Pomerleau, 1987).

Anothef hypothesis is based on the observation that stress
causes urine to become acidic. Because nicotine excretion via the
kidneys and bladder is the most rapid when the urinary pH remains in
- the acidic range, Schachter (1978) hypothesized that the process of
a rapid excretion rate encouraged further smoking. One final
explanation is the anxiolytic effects of nicotine whicﬁ are
supported when subjects' self-reported anxiety levels are lower
after smoking (Pomerleau & Pomerleau, 198?).

Relapse. Smoking relapse is often attributed to stressful
events or negative affective states (Baer & Lichtenstein, 1988;
Cummings, Jaen, & Giovino, 1985; Shiffman, 1982). Stressed
individuals wh; smoked high-nicotine cigarettes reported lower
levels of anxiety than stressed smokers who used low-nicotine
cigarettes. Furthermore, in the same study, reduced right parietal
hemisphere activation suggested that the right hemisphere may

mediate the antianxiety effects of nicotine (Gilbert, Robinson,



Chamberlin, & Spielberger, 1989). For the stressed smoker, it is
the calming, anxiolytic effect of smoking that is sought.
Individuals relapse and begin to smoke cigarettes again in order to
reduce their anxiety levels.

Stimulant Effects of Stress and Smoking. Stress is a

physiological stimulant. The cardiovascular system responds in a
similar manner to.nicotine, the active agent in cigarette smoke.
Nicotine activates sympatﬁetic and parasympathetic nervous systems
resulting in aﬂ increase in HR, stroke volume, vascular'resistance,
and BP. In addition, norepinephrine is released from cardiac and
smooth muscle while eﬁinephrine is released from the adrenal
medulia.- Besides these peripherai effects, nicotine also directly
affects the central nervous system (CNS) by "desynchronizing
cortical electrical activity, releasing neuropeptides such aé
vasopressin and beta-endorphin, and possibly poténtiating central
integrative mechanisms influencing SNS activity" (MacDougall et al.,
1983, p. 19). Smoking also hasvbeen fddnd to raise skin conductance
levels (Golding & Mangan, 1982; Russell, Epstein, & Erickson, 1983).
Cigarette smoking combined with stress produces an increase in
HR and BP approximately twice the magnitude thatvresults from either
smoking or stress alone (Dembroski, MacDougall, Cardozo, Ireland, &
Krug-Fite, 1985; MacDougall ;t al., i983). However, this effect has
not been investigated extensively, and studies have shown mixed
results. The HR effect is likely to be additive rather than
potentiating (Pomerleau & Pomerleau, 1987). Nevertheless, a

substantial increase in HR occurs.



Furthermore, animal studies support the hypothesis'that the
combination of nicotine and stress result in higher HR and BP
readings than either nicotine o; stress produces alone. For
example, no reduction in SNS activity occurred with rabbits when
nicotine and stress were combined as was hypothesized by Morse
(1989). 1Instead, there were significant stress induced elevations
observed in corticosterone, epinephrine, and glucose. These
findings were consistent with the MacDouéall et al. (1983) study 'in
which large increases in HR and BP occurred in streséed smokers.

In summary, nicotine is both a stimulant and a relaxant. These
differential effects have been demonstrated with physiological data.
For example, smokers in a low arousal conﬁition produced
significantly fewer EEG alphas and significant elevations in skin
conductance levels (SCL) and HR indicating strong stimulant effects.
However, smokers in high arousal situations yield increased EEG
élpha activity and HR but only a marginal elevation in SCL,
indications_of both depressant and stiﬁulant effects (Golding &
Mangan, 1582).

In addition to physiological effects, smoking accounts for
changes in emotions or affegt.v The effect of smoking on'negative
affect has been studied. For example, Cohen & Lichtenstein (1990)
found that whén smokers remained abstinent for at least six months,
they experienced less stress. - The authors suggested that increased
feelings of personal efficacy and self-esteem accounted for this

decrease in perceived stress. These results suggested that the



perceived relaxant effects following cigarette smoking reduced
negative affect.

Reinforcement Theory of Smoking Maintenance

There are several operant conditioning processes of
tobacco addiction. One process is positive reinforcement. Positive
reinforcement suggests that the effect of a drug directly increases
drug use. Thus, the pleasurable effect of smoking reinforces and
maintains the habit (Levitt, 1971; Newman, Martin, & Ifwin, 1973).
Nicotine has beeniidentified as thg reinforcer in tobacco and the
substance that smokers self-regulate (Frith, 1971; Herman, 1974;
Russell, Wilson, Patel, Feyerabend, & Cole, 1975; Schachter, 1978).

Some investigators have suggested that triggering the braiq's
reward system effects a positive mood (Ashton &'Stepney, 1982).
Activation of the rewara mechanism by nicotine results in the
release of norepinephrine and dopamine, two neurotransmitters which
Play a role in the reward system. In addition, a study by Chernick
(1983) suggested that endogenous opiates were released by smoking.
Endogenous opiates are natural substances thought to alleviate pain
and produce pleasure.

A second aspect of conditioning is the negative reinforcement
process. Negative reinforcement suggests that the removal of
withdrawal symptoms increases drug usage. Thus, the habit is
effectively maintained because smoking prevents nicotine's
unpleasant withdrawal symptoms such as nicotiné craving,
irritability, and difficulty concentrating (Ashton & Stepney, 1982;

Schachter, 1978). Nicotine also stimulates the brain's reward



system and inhibits punishment (Ashton & Stepney, 1982). Because
people tend to relapse under negative affective states, it is
difficult to confirm that smokers are experiencing negative
withdrawal symptoms when a relapse occurs. Therefore, most current
theorists prefer the role of positive reinforcement over negative
reinforcement as a mechanism for maintaining the smoking habit
(Collins, Epstein, & Caggiula, 1993).

Behavioral Economics Theory

Behavioral economics is an evolving interface between economics
and behavior-oriented disciplines. Coét and demand are economic
terms applicable to behavior which have an impact on an individual's
choice. The relationship between cost and demand can be described
as either elastic or inelastic. Elastic demand occurs when there is
a small increase in price or cost which produces a large decrease in
consumption and thus demand. The reverse, a large increase in price
producing a small decrease in consumption, is termed inelastic
demand (Hursh, 1984). A comprehension of demand elasticity is
important because elasticity predicts the relationship between
response rate and reinfofcement. For example, increases in a fixed
ratio (FR) schedule of reinforcement produce an increase in response
rate and a decreasé in consumption precisely as the economic concept
of inelastic demand would predict (Hursh, 1980).

Behavioral economic theory can be used to study the
reinforcement of a substance such as nicotine. According to

this theory, the more reinforcing nicotine is, the more it will be

chosen over other alternatives. A concurrent schedule paradigm is a



methodology which provides choices of alternative reinforcers.
Using a concurrent schedule paradigm, when money is used as an
alternative reinforcer for nicotine, deprived smokers initially
choose smoking then subsequently show no preference for either
reinforcer (Epstein, Bulik, Perkins, Caggiula, & Rodefer, 1991).
. When food is used as an alternative reinforcer for nicotine,
deprived smokers work exclusively for nicotine (Epstein et al.,
1991).

In another recent study, low rate and high rate smokers were
compared using a concurrent schedule paradigm (Collins, Quevedo, &
Epstein, 1992). Smokers chose to work for either cigarette puffs or
coins (nickels) as the cost stéadily increased on competing VR
schedules. The VR schedqle for puffs increased from VR 4 to VR 53
in a series of nine steps while the VR schedule for coins increased
through the first three steps from VR 4 to VR 12 and then remained
conétant. There were no differences between low rate and high rate
smokers during the first three VR steps; however, as the cost
increased, high rate smokers continued to earn more cigarette puffs.
Therefore, high rate smokers found nicotine reinforcing under high

cost conditions.

Statement of the Problem

' Stress exists when life's demands exceed coping ability
resulting in SNS stimulation and arousal. Furthermore, stress is a
causative factor in the initiation and maintenance of smoking as
well as in relapses following quitting. Although both stress and

smoking are physiologically stimulating, nicotine alone can
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psychologically create either the stimulating or relaxing effect
needed by the smoker making it more difficult to resist continual
use. Thus, nicotine is a potent positive reinforcer.

The present study was designed to investigate the role of
stress on the reinfqrcement value of nicotine in high rate smokers.
The study excluded individuals: (a) already under stress as
determined by'signs of severe anxiety and/or depression andv(b) with
low CO levels, less than 10 ppm, typical of nondependent smokers
(Lando, McGovern, Kelder, Jeffery, & Forster, 1991). A concurrent
schedule paradigm was usediwith each of the following three
conditions: (a) Mental Math (stress group), (b) Behavioral
Relaxation (relaxatibn group), and (c) Control (neutral group).
Smokers chose between cigarette puffs and coin reinforcers as the
cost for each steadily increased on a concurrent VR schedule for the
first three steps (VR 4, VR 8, VR 12). Thereafter, the cost for
puffs continued to increase to a VR 53 while the cost for coins
remained constant at a VR 12. Groups (stress versus relaxation
versus neutral) were compared on the mean number of puffs chosen.

It was hypothesized that smokers in the stress condition would
choose cigarette puffs regardless of how high the cost became, thus
indicating that nicotine had a higher reinforcement value than money
under stress. The smokers in the relaxation condition were expected
to choose more coins than puffs as the cost differential increased

" between these two reinforcers, thus suggesting a low reinforcement

value for nicotine. It was hypothesized that subjects in the
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neutral condition would make choices somewhere in between the other
two groups.

METHOD
Subjects

Forty-five volunteers were recruited from the leahoma State
University campus and local community to serve as subjects. They
were recruited from announcements made in Introductory Psychology
classes, signs placed on community and campus bulletin boards, and
newspaper advertisements. All participants received either extra
credit or an honorarium of $20. Subject selection was based on the
- following smoking history cfiteria: (a) current cigarette smokers
who have smoked 16 or more cigarettes daily on a continuo;s basis
for at least one year, and (b) no use of any other forms of nicotine
(i.e., snuff, pipes, or cigars) during the past year.

Three potential subjects who reported smoking 16 or more
cigarettes daily were screened out of the study due to CO levels of
less than 10 ppm which is not typical for dependent smokers.
Twenty-four potential subjects with significant symptoms of anxiety
and depression as indicated on Form ¥Y-1 (state only) of the State-
Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, & Lushene,
1970) and the revised Beck Depression Inventory (BDI; Beck & Steer,
1987) were excluded from the study. They were provided with
information for campus and community mental health agencies should
they desire to talk with someone about their symptoms. Nine
subjects successfully screened into the study but did not return for

the second scheduled appointment. Of the nine people, four simply
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did not show up (and either had no telephones or had their phone
numbers disconnected), three had unanticipated work schedule
conflicts, and one was é transplant donor who had been notified that
it was now time to prepare for the procedure. One person was asked
not to participate because he recently had participated in a similar
study.

Forty-five subjects (18 males and 27 females) completed all
phases of the study. Subject characteristics are presented in the
;esult section.

Screening Instruments

Screening instruments included a smoking questionnaire, the
STAI Form Y-1, and the BDI. These instruments were used to
determine which people met the criteria to participate in the study.

A smoking research guestionnaire was used to collect data about

smoking history. Information such as brand smoked, number of
cigarettes smokéd daily, smoking history, and last quit attempt were
requested (See Appendix A).

The STAI is a 40-item questionnaire‘composed of two subscales,
the State-Anxiety (S—-Anxiety) subscale (Form Y-1) indicating the
current level of state anxiety and the Trait-Anxiety (T-Anxiety)
subscale (Form Y-2) indicating the general level of trait anxiety.
Scores on each subscale range from 20 to 80 with higher scores
indicating higher levels of anxiety.

Based on normative data for undergraduates, the mean state
score for undergraduate men is 36.35 with a standard deviation (SD)

of 9.67, and the mean state score for undergraduate women is 35.12
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with a SD of 9.25 (Spielberger et al., 1970). Because 68% of all
people lie within one SD of ‘the mean, potential subjects falling
above one SD of the mean with a score of 47 or greater were excluded
from the study.

Test~retest reliability for the S-Anxiety subscale (Form ¥Y-1)
is low with correlaﬁions ranging from 0.16 to 0.54 for college
students (Spielberger et ai., 1970). A low correlation is expected
since the test is reflecting the situational anxiety experienced at
any given time. Therefore, a measure of internal consistency such
as an alpha coefficient is a better indicator of the reliability of
the S—-Anxiety subscalé.

Alpha coefficients for Form Y-1 ranged from 0.90 to 0.94 in
.adult females and males ages 19-69 indicating a high level of
reliability (Spielberger et él., 1970).

Spielberger et al. (1970) provide a summary table for constrgct
validity. For example, mean S-Anxiety scores for military recruits
who had just begun their sfressful training were higher than non-
stressed college students of comparable ages. Furthermore, the male
and female recruits scored higher on S-Anxiety subscales than on
their own T-Anxiety subscales which suggested that inner turmoil was
experienced at the time of the testing. Concurrent validity studies
with male and female college students examined the STAI Form X
(precursor of Form Y) as a measure of anxiety with the Taylor
Manifest Anxiety Scale (TMAS; 1953), IPAT Anxiety Scale (Cattell &
Scheier, 1963), and Zuckerman Affect Adjective Checklist (RACL;

1960). High correlations were obtained for the IPAT (0.76 and 0.75,
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respectively) and TMAS (0.79 and 0.80, respectively) but the AACL
was moderately correlated (0.58 and 0.52, respectively).
The revised BDI is a 21-item self-report questionnaire. Scores
on the BDI range frem 0-63. For the original BDI Beck designated
scores of 0-9 as indicative of no depression, scores of 10-15
‘indicative of mild depression, 16-23 indicative of moderate
depression, and 24-63 indicative of severe depression (cited in
Bumberry, Oliver, & McClure, 1978). The ﬁanual for the revised BDI
suggests the following as score guidelines: ". . . d to 9 are
considered within the normal range or asymptomatic; « « « 10 to 18
indicate mild-moderate depression; . . . 19 to 29 indicate moderate-
severe depression; and ; « « 30 to 63 indicate extremely severe
depression” (Beck & Steer, 1987, p. 7). Thus, for thie etedy, a
score of 16 or above was selected as a reasonable cut-off because
symptoms of depression may have interfered with a subject's
performance on the experimental tasks. |
Test-retest reliability studies have yielded mixed results.
For example, in two separate studies of college students, a
correlation of 0.90 over a 2-week interval was reported by Lightfoot
and Oliver (1985), yet 0.64 over a one-week interval was.reported by
Zimmerman (1986). However, in clinical populations this measure of
stability is meaningless since it is expected that depressed clients
will show some improvement in their symptoms due to treatment and/or
the mere passage of time. Beck & Steer (1987) report that "for the
mixed, single-episode major depression, recurrent-episode major

depression, dysthymic, alcoholic, and heroin-addicted patients
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[coefficient alphas] are .86, .80, .86, .79, .90, and .88,
respectively"” (p.9) thus indicating a high level of internal
consistency reliability.

Mean correlations for a variety of concurrent validity studies
are reported in the BDI manual (Beck & Steer, 1987). For
psychiatric populations, the meta-anaiyses result was a mean
correlation of 0.72 and for non-clinical populations, a mean
correlation of 0.60.

Physiological Measure

Carbon monoxide (CO) levels were obtained using a Vitalograph

CO monitor, Catalog number 29.700. Thefe were two uses for CO
levels: to ensure that participants were dependent smokers and to
collect CO boost measurements which correlate with ﬁhe dose of
nicotine in cigarette smoking (Frederiksen & Martin, 1979).
Individuals with a CO level less than 10 ppm were excluded from the
study. This is due to research suggesting that less than 10 ppm is
a normal level for nondependent smokers (Lando et al., 1991).

Stress Rating

A Subjective Measure of Affect (SMA) was created using a
Likert~-type scale. Ratings ranged from O to 100 with 0 indicating
complete relaxation and 100 maximum tension (see Appendix B).

Demographic Information Questionnaire

A Demographic Information Questionnaire (see Appendix C) was
used to obtain general information such as age, gender, ethnicity,

education, and income level.
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Concurrent Schedule Computer Program

An IBM personal computer was used to execute a computer
software program, Monpuf Limit 12 (Collins & Carter, 1991). The
Monpuf Limit 12 presents a concurrent VR schedule of reinforcement
with a graphic display resembling two slot machines. One slot
machine earned pocket change reinforcers while the other machine
earned cigarette puff reinforcers.  The VR schedule for puff
reinforcers advanced from VR 4 through VR 8, VR 12, VR 16, VR 20, VR
25, VR 30, VR 41, and VR 53 while the VR schedule for pocket change
.reinforcers advanced concurrently fromZVR 4 through VR 8 and then
remained constant at a VR 12. When two reinforcers were earned in
each VR schedule (two puffs, two coins, or one coin and one puff),
the program automatically advanced to the next VR schedule of
reinforcement.

Procedure

Each potential subject was asked to attend a one-hour screening
session to complete a smoking research questionnaire, STAI Form Y-1,
and BDI. Informed consent (see Appendix D) was obtained for the
screening tests. Potential subjécts were instructed in the use
of the CO monitor and a preliminary CO level was obtained. Subjects
meeting the designated criteria for inclusion in the experimental
study were introduced to relaxation techniques and serial
subtraction. They were then scheduled for a second appointment, the
two-hour expérimental session.

Initially subﬁects were assigned to one of three groups in

random fashion: (a) Mental Math, (b) Behavioral Relaxation, or
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(c) Contrel. The first subject was assigned to the first (Mental
Math) group, the second subject to the second (Behavioral
Relaxation) group, the. third subject to the third (Control) group,
and so on. After half the subjects had been run, the remaining
subjects were assigned based on gender to assure an equal number of
females and males across groups. Subjects were informed that they
would participate in an experiment investigating the reinforcement
value of nicotine under a Mental Math, Behavioral Relaxation, or
Control condition.

Subjects were instructed to afrive at the léboratory prepared to
smoke one cigarette immediately. Upon arrival informed consent for
participation in the experimental study was obtained and the subject
was asked to smokg one cigarette. A baseline CO level was obtained
followed by a twenty-minute rest period. During the reét period the
subject once again completed the STAI Form Y-1 and the BDI.

For the following five minutes, the experimental manipulation
took place. Subjects in the Mental Math condition performed mental
arithmetic (see Appendix E), subjects in the Behavioral Relaxation
condition practiced Poppen's (1988) behavioral reiaxation'techniques
(see Appendix F), and subjects in the Control condition read
magazine;. Each subject then completed a Subjective Measure of
Affect (a stress rating) as a manipulation check.

For the next twenty minutes all subjects worked on the
concurrent VR schedule of reinforcement on the computer selecting
either puff or coin reinforcers ad libitum. Each subject then had a

five-minute period to collect the reinforcers earned. For subjects
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earning cigarette puffs, CO levels were monitored before and after
smoking for the purpose of computing the CO boost (the difference
between the pre and post CO levels). This thirty-minute cycle was
repeated up to four times in a two-hour period to allow each subject
the opportunity to reach and complete one VR 53 schedule. At the
conclusion of the study each subject was asked to complete a
Demographic Ipformation Questionnaire with the request to "please
complete whatever you are comfortable telling me about yourself".
Subjects were then debriefed and completed either an extra credit or

honorarium form.

RESULTS

Demographics

Demographic information and smoking history were obtained for
each subject. These data are summarized in Table 1. All measures
were controlled except age. STAIYand BDI scores were controlled via
cut-off scores; thus there were no overly anxious or depressed
participants. Gender was controlled across groups by having nine
‘females and six males in each experimental condition. Nicotine use
was controlled for since all subjects used cigarettes as their sole
source of nicotine intake. Thus, no one used pipes, cigars, or
chewing tobacco. Each subject smoked moré than three-~fourths of a

pack of cigarettes daily for at least one year.

Insert Table 1 about here
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Subjects ranged in age from 18 to 63. Mean age for subjects in
the Mental Math Group was 33.80 (SD = 14.60), and 30.47 (SD = 11.90)
and 30.93 (SD = 11.50) for subjects in the Behavioral Relaxation and
_ Control Groups, respectively. Because age was not controlled for,
initial analyses examined differences across the three groups. The
ANOVA indicated that the groups did not differ by age (F (2,44) =
.30, p>.05).

Initial sﬁbject STAI and BDI scores obtained during screening
interviews were below cut-off leveis. Cut-off score for the STAI
Form Y-1 was 47. The mean screening score for subjects in the
Mental Math Group was 32.62 (SD = 6.42), and 29.62 (8D = 6.75) and
33.00 (SD = 7.21) for subjects in the Behavioral Relaxation and
Control Groups, respectively. A one-way ANOVA examined STAI Form
- ¥Y-1 screening scores by condition. Results indicated that level of
state anxiety was similar across groups (F (2,37) = .98, p> .05).

Individuals with BDI screening scores below 16 wefe eligible to
participate in the study. The mean screening score for squects in
the Mental Math Group was 5.85 (SD = 4.93), and 5.30 (SD = 3.75) and
4.71 (SD = 4.60) for subjects in the Behavioral Relaxation and
Control Groups, respectively. A one-way ANOVA conducted on BDI
screening scores by group indicated that groups did not differ in
terms of level of depression (F (2,37) = .22, p>.05). Mean scores
for each group suggested that subjects did not experience any
symptoms of depression. STAI and BDI Scores were obtained a second
time during the beginning of the experimental session. Two subjects

exceeded the STAI cut-off score by one and three points,
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respectively. Because these were retest scores and not initial
scores, it was decided to allow them to complete the study and their
data was used in all analyses.

Manipulation Check

"Subiective Measure of Affect. Subjective reports of stressful

feelings were obtained immediately following the five-minute
manipulation (eg. serial subtraction, behavioral relaxation tape, or
magazine reading). Some subjects progressed throughbthe VR
schedules at a slower rate than others for a variety of reasons such
as a slow rate of keypressing or frequent shifts between coins and
puffs before earning a-reinforcer. Rate of progress was not
controlled for, however, the time interval between breaks (about 30
minutes) was controlled. As a result of this system, all subjects
had two breaks while some subjects had three or four breaks. Thus,
all subjects completed the first two manipulations and stress
ratings (N = 45).

Three one-way ANOVAs were conducted to determine mean
differences in the self ratings of stress by condition. A
significant main effect for the first stress measure (F (2,42) =
30.60, Q% .001) was obtained indicating that groups differed based
on self-reported stress levelg. ANOVA results were also significant
for the second rating period (F (2,42) = 18.92, p< .001) indicating
that differences in stress ratings again varied ﬁy group. A third
ANOVA was utilized to examine the third stress rating completed by
28 subjects. A significant main effect for condition was obtained

(F (2,25) = 9.43, p< .001) indicating that groups differences were
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evident in tension ratings. Only one subject completed a fourth
rating of tension. As shown in Figure 1, the Mental Math (stress)
condition had significantly higher ratings than the other two
conditions. There is a significant effect for ratings 1, 2, and 3
and in each case, the Mental Math Group demonstrated a higher stress
level than the other two groups based on a Tukey HSD (Q< .05). The
Behavioral Relaxation Group and the Control did not differ from one

another.

Insert Figure 1 about here

Carbon Monoxide (CO) Boost

Analysis of CO boost looks at the total CO boost per period
divided by the number of puffs taken to see if subjects got more
nicotine out of each puff. No differences among groups were
expected, however, had there been, interpretation of data would have
become more difficult with this cqnfounding factor. Thirty-three
subjects completed CO levels at Time 1 during the first break. Time
1 means for CO boost per puff by ;ondition were as follows: Mental
Math Group = 1,28 (SD = 1.04), Behaviorél Relaxation Group = 1.45
(SD = 0.92), and Control Group = 1.94 (SD = 1.08). A one-way
ANOVA was conducted to determine CO boost mean differences by
condition. No significant effects were obtained for CO boost during
Time 1 (F_(2,32) = 1.27, p> .05) indicating that thevamount of
nicotine per puff did not differ by group.

Thirty subjects completed the CO levels at Time 2 during the

second break. Time 2 means for CO boost per puff were as follows:
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Mental Math Group = 1.22 (SD = 0.67), Behavioral Relaxation Group =
2.52 (SD = 2.24), and Control Group = 3.59 (SD = 4.66). A one-way
ANOVA examined CO boost by condition for Time 2 and resulted in no
significant effects (F (2,29) = 1.71 p> .05). Although increases in
CO levels were apparent during Time 2 fbr the Behavioral Relaxation
and Control group, the Mental Math group levels remained constant
and the nicotine obtained per puff was similar across groups.

Sixteen subjects completed CO levels a total of three times
Time 3 during the.third break. CO boost per puff means for each
group at Time 3 were as follows: Mental Math = 2.14 (SD = 2.02),
Behavioral Relaxation = 2.68 (SD = 2.18), and Control = 3.25 (SD
=2.60). An ANOVA at Time 3 (F(2,15) = 0.30 p> .05) yielded no
significant differences in CO boost among groups, thus amounts of
nicotine per puff were similar for subjeﬁfs in the stress,
relaxation, and neutral conditions. One subject completed Time 4,
however, CO levels were not collected. Tukey HSD tests were
conducted and no two groups during any of the three break periods
were significantly different at the .05 level.
Overall Analysis of Variance for Puffs

A two-factor mixed design was utilized with condition (Mental
Math, Behavioral Relaxation, and Control) as the between factor and
consecutive schedules (VR 4, VR 8, VR 12, VR 16, VR 20, VR 25, VRI
30, VR 41, and VR 53) as the within factor. The dependent variable
was defined as the number of coin or pﬁff reinforcers earned per
experimental schedule. Because the number of puff reinforcers

earned is a reflection of the reinforcement value of nicotine, puffs
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only were analyzed. The higher the number of puff reinforcers
earned, the greater the reinforcement value of nicotine. The means
and standard deviations for number of puff reinforcers earned per VR

schedule by condition are shown in Table 2.

Insert Table 2 about here

A 3 x 9 (condition x schedules) mixed design ANOVA with
repeated measures was conducted. The ANOVA did not yield a
significant main effect for condition (E (2,42) = 0.45, p> .05) or a
condition by schedule interaction (F (16,336) = 1.18, p> .05).

There was a significant main effect for schedules (F (8,336) =
3.98, p< .001) indicating that the VR schedules differed from one
another in terms of the number of cigarette puffs earned.

It was expected that the reinforcement value as measured by
number of puff reinforcers would be greater for stressed dependent
smokers than for the relaxed or control group smokers. As the
results indicate, this did not happen. Figure 2 presenté mean
number of puff reinforcers earned per VR schedule. Visual
inspection of Figure 2 shows that the groups did not differ in
Blocks 1 and 2. However, further inspection of the graph also
suggested that a difference in the number of puff reinforcers earned

occurred in Block 3.

Insert Figure 2 about here
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A similar phenomenon occurred in an earlier study (Collins et
al., 1992). Dependent and nondependent smokers continued to choose
an equal number of puffs and coins through the first three VR
schedules (Block 1). However, there was a difference in choice of
reinforcer at the end of the second set of three VR schedules (Block
2) when dependent smokers switched to puffs. These results
suggested that it would be logical to examine possible differences
in the last six VR schedules (Blocks 2 and 3). Thus, exploratory
post hoc analyses were conducted.

Analysis of Block 2

An ANOVA conducted on Block 2 (puff schedules VR 16, VR 20, VR
25) yielded no significant effects for schedule (F (2,84) = .73, p>
.05), condition (E (2,42) = .65, p> .05), or condition by schedule
(2(4,845 = .62,‘Q> .05). Thus, dependent smokers in the Mental Math
Group did not differ from the Behavioral Relaxation or Control Group
in their preference of reinforcer.v See Figure 3 for number of

reinforcers earned in Block 2.

Insert Figure 3 about here

Analysis of Block 3

An ANOVA was conducted to determine whether the mean number of
puff reinforcers earned in each VR schedule of Block 3 (puff
schedules VR 30, VR 41, VR 53) differed by condition. There was no
main effect for condition (F (2,42) = .89, p> .05). A significant
main effect for schedule was obtained (F(2,84) = 11.43, p< .001).

In addition, a two-way interaction (condition by schedule) was
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significant (F(4,84) = 2.59, p< .04). Thus, compared to the Control
Group, subjects in the Mental Math Group differed in preference for
puffs and tended to work harder and longer for nicotine. Likewise,
the Behavioral Rgléxation Group showed a tendency similar to the
Mental Math Group as they earned puffs longer and switched to coins
later than did the Control Group. See Eigure 4 for the number of

reinforcers earned in Block 3.

Insert Figure 4 about here

For all summaries of ANOVA tesﬁ results see Appendix G.
DISCUSSION

The results of the present study were similar to the pilot
study comparing dependent and nondependent smokers (Collins et al.,
1992). In the pilot study, dependent smokers appeared to find
nicotine more reinforcing than nondependent smokers. In the present
study, all smokers were dependentvand all appeared to find nicotine
quite reinforcing. It was only after the cost difference was a VR
_ 41 for puffs and a VR 12 for coins did any group switch and decrease
the number of puff reinforcers earned.

Subjects in the Mental Math condition reported more stress and
continued to Qork for pgffs longer than subjects in the Control
condition. Thus, compared to the Control Group, there was a trend
for subjects in the Mental Math condition to find nicotine more
reihforcing.

Because depéndeht smokers did not show a preference for coins

until VR 41, post hoc analysis of data obtained in the final three

.
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schedules was conducted. The significant two-way interaction of
condition by trial suggested that emotions play a role in the
reinforcement value of ﬁicotiné. The;e was a trend suggesting that
nicotine is more reinforcing for smokers in both the stress and the
relaxation conditions compared to smokers in the neutral condition.

Analysis of CO boost levels indicated no group differencé.
Thus, dependent smokers took similar puffs across the study and even
though they took fewer puffs toward the end of the study, they
probably obtained a similar amounﬁ of.nicotine from each puff.
Alveolar air CO levels did not unduly influence any one group of
subject choices of nicotine over a monetary reinforcer.

While it is likely that there are multiple reasons why people
smoke, one reason may be stress. Self-report stress ratings served
as a manipulation check. The SMA was designed to measure level of
stress and ranged from 0 (complete relaxation or no tension) to 100
(maximum tension). The Mental Math Group reported significantly
more tension than either the Behavioral Relaxation or Control Group
suggesting that the experimental manipulafion was effective.
Although the results of the SMA were in the desired direction, there
are some concerns regarding this instrument. The SMA was face valid
and had construct validity due to its Likert-type format. However,
no other validity data was obtained. Psychometric properties were
not examined thus there is no reliability data. In addition, the
SMA was a one-item scéle and therefore reliability is probably low.

Future studies might use a well established stress measure as a

manipulation check. For example, physiological measures such as HR
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and/or BP could be monitored after each experimental manipulation or
a psychological paper and pencil instrument with demonstrated
psychometric properties could be administered to measure stress.

There was a trend for dependent smokers in the Behavioral
Relaxation group to find nicotine more reinforcing than the Control
Group. The Behavioral Relaxation Group continued to earn puffs
until they reached a VR 53 when their preferences shifted from puffs
to coins. In this study, dependent smokers in the Behavioral
Relaxation Group consistently found nicotine more reinforcing than
Control Group smokers. The Control Group did not find nicotine
sufficiently reinforcing at a VR 41 and thus reduced wofk gfforts
fo; puffs.

The Behavioral Relaxation Group and the Control Group
demonstrated no significantvdifference in self-reported tension but
there was a difference in their smoking behavior. .There are two
reasons that may account for this finding: 1) both the Behavioral
Relaxation and the Control Groupsvexperienced more stress than they
reported, or 2) perhaps they were not stressed but had other
emotional experiences such as boredom. If unreported stress were a
factor, then listening to aibehavioral relaxatidn training tape was
not more relaxing than reading a magazine. Because people report
that they smoke to relax (Ep;tein & ﬁennings, 1986), it may be that
listening to and following the instructions on a BRT (Poppen, 1988)
tape was not very relaxing. Those in the Relaxation Group may have
reported that they felt more relaxed because they thought they were

expected to do so.
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It is also possible that the Control Group may have found
reading a magazine a familiar, comfortable request and therefore
this may have been a more calming task. If this was the case, then
the dependent smokers in the Behavioral Relaxation Group may have
smoked more than the Control Group in order to induce relaxation.
This would also be consistent with Norton and Howard's (1988) report
that nicotine helps smokers relax in stressful situations..
Nevertheless, it is important: to remembef that the measure of stress
was self-report and therefore subject to demand charécteristics.
Because demand characteristics can influence all subjects, it is
also possible that subjects in the Mental Math Group repbrted mild
stress because they thought they were expected to do so. Although
these subjects were not explicitly told that they would be.stressed,
they may havé deduced this because of the nature of the serial
subtraction task.

Boredom is yet another reason people tend to prefef nicotine.
Smoking is stimulating depending on thé smoker's current situation
(Epstein & Jeﬁnings, 1986) and bored people tend to self-stimulate
to stay awake. Visual observation via a two-way mirror during the
video game suggested that some subjects became bored. Boredom was
evident through behavioral cues such as periodic sighing, occasional
finger tapping, and periodic scanning of objects in the room. Thus,
some smokers in this study may have preferred nicotine because the
repetitive nature of the video game created a boring task.

Future research studies might employ stress and.relaxﬁtion

tasks that would induce stronger responses in subjects making the
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choice of reinforcers very distinct from one another. For example,
rather than the mild stressor of serial subtraction, math problems
or mazes with no solutions could be used. In addition, a relaxation
task that involves training sessions to a certain level of expertise
might be ﬁore effective. Thereafter the subject in a relaxation
group could be stressed and then instructed to employ the relaxation
training. 1If indeed boredom is a realistic consideration as visual
observation during the video game suggested, then a different task
that is more stimﬁlating might be created to present alternative
reinforcers. |

In summary, behavioral economic theory was used in this study
to provide a methodology for studying factors that influence
nicotine reinforcement. This framework incorporates the economic
concepts of cost and demand which impact an individual's choices.

By producing relaxation, stress, or other emotional states such as
boredom, we can study and begin to understand the relationship
between emotions and smoking.

The present study demonstrated that the Mental Math condition
resulted in stress and a tendency for more urges to smoke compared
to the Control condition. The Behavioral Relaxation condition
induced a similar effect compared to the Control condition. The
strength of these findings is tempered by the failure to find an.
overall significant effect by conditidn. These results are
theoretigally consistent with the prediction that nicotine is more
reinforcing to deﬁendent smokers under stress and warrants

replication.
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Caution must be exercised in interpreting the results of this
study. These data are promising and indicate that ehotions
influence urges to smoke; this study does not identify the specific
emotions. However, data should not be interpreted to mean that
relaxation makes people smoke more. However, the data suggest that

some people smoke more when they are not stressed.
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Name

Phone Number ( ) ‘  Address
Best time(s) to call

Psychology 1113 Instructor Section #

Semester (circle one): Spring Summer Fall
Please answer the following questions to the best of your ability.
All information will remain confidential. Your time is greatly
appreciated.
1. What is your sex? (Circle one) Male Female
‘2. What is your age? __
3. Are you currently a smoker? Y N
If you are not a smoker, please skip to question 12.
4. Do you usually smoke only in social situations? (e.g., at
parties only or at a bar only) Y N
5. . About how many cigarettes do you smoke per day?
less than 10 10-15 16-20 21-25 more than 25
6. How long have you'smoked? (circle one)

less than 1 year 1 - 2 years more than 2 years

7. What brand of cigarettes do you smoke?

8. Have you ever tried to quit before? Y N

9. If yes, when was the last time you tried?

10. Are you currently attempting to quit smoking or cut down?
Y N

11. Do you use any other form of tobacco in addition to cigarettes?
Y N

12. What is your‘height (feet,inches)?

" 13. What is your weight?

THANK YOU!
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PLEASE CIRCLE HOW YOU FEEL RIGHT NOW

41

TRIAL #1
0 25 50 75 100
Completely very very maximum
relaxed, relaxed tense tension
no tension
PLEASE CIRCLE HOW YOU FEEL RIGHT NOW
TRIAL #2
0 25 50 75 100
Completely very very max imum
relaxed, relaxed tense tension
no tension
PLEASE CIRCLE HOW YOU FEEL RIGHT NOW
TRIAL #3
o - 25 . 50 75 100
Completely very = very maximum
relaxed, relaxed tense tension
no tension
PLEASE CIRCLE HOW YOU FEEL RIGHT NOW
TRIAL #4
o 25 50 75 100
Completely very very maximum
relaxed, relaxed tense tension

no tension
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Age: Sex: Male Female
Marital Status: Married Divorced
Separated Widowed
Never Married
If married, how long?

If divorced, how long?

If widowed, how long?

Education: Grade School : High School
Trade School College
Advanced degree Other
Occupation: Skilled labor Unskilled labor
Professional Not in labor force

If not in labor force, are you currently looking for employment?
Yes No

Job Title:
Are you currently a student? Yes No
Annual Income: Less than §5,000 $5,000-510,000

$10,000-520,000 $20,000~530,000
$30,000-$40,000 $40,000-550,000
$50,000-$60,000

Greater than $60,000 per year

Are you a dependent of your parents, do they claim you for their

Income Tax purposes? Yes No
Race:
U.S. Citizen? Yes No

If U.S. Citizen; Naturalized Natural Born

State of residence: State of origin:
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D-1 Nicotine Reinforcement Project: Screening Interview

Participants should note that neither Oklahoma State University
nor its researchers endorse or encourage continuation of smoking;
rather, the purpose of this study is to research certain effects
upon those who are currently smoking.

I, ' , hereby authorize or direct

Dr. Frank Collins and Yoli Quevedo, or assistants of his or her
choosing, to perform the followin§ procedure:

| You are being asked to participate in a screening interview
during which you will be asked to.complete three questionnaires.
The questionnaires ask about desirable and undesirable life events,
your curréntvlevel of anxiety, and your current level of sadness.
The purpose of these questionnaires is to assess the everyday
pressures you are experiencing. You may also be instructed in the
use of the carbon monoxide monitor and may be asked to provide a
preliminary carbon monéxide level by exhaling into a cardboard
mouthpiece.

In addition, you may be familiarized with an arithmetic
subtraction task and be asked to listen to a five hinute relaxation
tape. The total time for the screening interview will be
approximately one hour.

This is done in preparation for an investigation entitled The

Reinforcement Value of Nicotine in Dependent Smokers under

Relaxation, Mental Arithmetic and Rest Conditions.

I understand that participation is voluntary, that there is no

penalty for refusal to participate, and that I am free to withdraw
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my consent and participation in this project at any time without
penalty after notifying the researcher.

I may contact Dr. Frank Collins or Yoli Quevedo at (405)
744-6027 should I wish further information about the research. I
may also contact University Research Services, 001 Life Sciences
East, Oklahoma State University, Stillwater, Oklahoma 74078;
Telephone: (405) 744-9992.

.I certify that I am 18 years of age or older and that i have
read and fully understand the consent form. I sign it freely and

voluntarily. A copy has been given to. me.

Date: Time: (a.m./p.m.)

Signed: Age:
(Signature of Subject)

I certify that I have personally completed all blanks in this form
and explained them to the subject before requesting the subject to

sign it.

- signed:

(Researcher or designated Representative)
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D-2 Nicotine Reinforcement Project: Research Study Participants

should note that neither Oklahoma State University nor its
researchers endorse or encourage continuation of smoking; rather,
the purpose of this study is to research certain effects upon those

who are currently smoking.

I, , hereby authorize or direct
Dr. Frank Collins and Yoli Quevedo, or assistants of his or her
chobsing, to perform the following procedure:

You are being asked to participate in a research study of the
reinforceﬁent value of nicotine.. If you agree to participate, you
will be askéd to do one of the following: 1) answer a;ithmetic
subtraction questions, 2) listen to a relaxation tape, or 3) read
some magazines. Then you will be asked to play a video game on the
- IBM computer. You will have the option of earning either cigarette
points or pocket change points during the game. Periodically you
will be given the opportunity to cash in your cigarette points for
puffs on a cigarette or your pocket change points for nickels. The
total time for the study will be about 3 hours. You will not be
allowed to smoke except during the 5 minute break period
approximately every 30 minutes and then only to cash in the number
of puffs you have earned. . Should you want to smoke more you may
earn more cigarette puffs during the remainder of the game.

Individuals who complete the study will be compensated for
their time. If you are in an Introductory Psychology class you have

the option of receiving extra credit points or being paid at the
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rate of $5 per hour for a total of $20. Other volunteers will be
given $5 per hour for a total of $20.

All information obtained during the study will remain
confidential. Records will be coded by number and your name will
not ‘appear on any forms other than this consent form. The only
individuals who will have access to this data are Dr. Frank Collins
and the research assistant who is conducting the project with you.
His or her name is at the end of this consent form. If the results
of the study are reported to a professional group, onlyraverage data
will be presented, and your records will not be identified.

This is done as éart of an investigation entitled The

Reinforcement Value -of Nicotine in Dependent Smokers under

Relaxation, Mental Arithmetic and Rest Conditions.

The purpose of the procedure is to better understand the
reinforcement value of nicotine by observing the potential shift to
an alternate source of reinforgement as the cost (responses)
required to obtain nicotine increases stéadily.

I undersfand that participation is voluntary, that there is no
penalty for refusal to participate, and that I am free to withdraw
my consent and participation in this project at any time without
penalty after notifying the researcher.

I may contact Dr. Frank Collins or Yoli Quevedo at (405)
744-6027 should I wish further information about the research. I
may also contact University Research Services, 001 Life Sciences
East, Oklahoma State University, Stillwater, Oklahoma 74078;

Telephone: (405) 744-9992.
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I certify that I am 18 years of age or older and that I have
read and fully understand the consent form. I sign it freely and

voluntarily. A copy has been given to me.

Date: Time: ‘ (a.m./p.m.)

Signed:

(Signature of Subject)

Age:

I certify that I have personally completed all blanks in this form
and explained them to the subject before requesting the subject to
sign it.

Signed:

(Researcher or designated Representative)
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E-1__ Screening Interview Script

"In the actual experiment you may be asked to do some mental
arithmetic. If so, you would be told to subtract a two digit number
from a four digit number until you are asked to stop. For example,
please subtract 10 from 2000 (if the ans. = 1990, say 'right, now
subtract 10 from 1990, if the ans. is inéorrect say ‘no, the
correct answer is 1990 because 2000 minus 10 leaves 1990. Now
please subtract 10 from 1990'; if the ans. = 1980, say 'right, now
continue subtracting 10 from each of your answers until I tell you
to stop'; if the ans. is incorrect say"no, the correct answer is
1980, now continue subtracting 10 from each of.your answers until I

tell you to stop'). Please stop now.”

E~2__ Experimental Procedure Script

"I am going to ask you to subtract a two digit number from a four
digit number and I want you to continue subtracting until I tell you
to stop. Let's begin, please subtract 13 from 4826 and continue to

subtract 13 from each of your answers until I tell you to stop.”



APPENDIX F

BEHAVIORAL RELAXATION TRAINING SCRIPT

52



53

There are ten relaxed postures or activities. The first
posture we will focus on is ydur Back. Youf back is relaxed when
the spine is perpendicular to the floo;, with the shoulder blades
and the buttocksvtouching the back of the chair. A slight lordosis
is desirable. Please show me a relaxed back.

The next relaxed posture we will focus on is your Head. Your
head is relaxedehen it is upright and motionless, with the nose in
midline with the body. Please relax your head.

| Next, we will focus on your Arms. Your arms are relaxed when
they are bent approximately 120 degrees at the elbow with the wrists
resting on the thigh, approximately half way between the hip and the
knee. Please show me relaxed arms.

The next relaxed posture we will focus on is in your Legs.

Your legs are relaxed when they are straight with the feet flat on
the floor with approximately 90 degree angle at the knees and
ankles. Please relax your legs.

The next posture will focus on your Eyes. Your eyes are
relaxed when the lids are closed and smooth. Your eyes are not
relaxed when they are tightly shut, or if there is eye movement
beneath the lids. flease relax your eyes.

Next we wiil focus on the posture of your Mouth. Your mouth is
relaxed when your ‘teeth are parted and your lips are open in the
center. Your mouth is unrelaxed if your lips are closed, or if you
smile or lick your lips. Ok, please show me how to relax your

mouth.
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The next postufe will focus on your Throat. Your throat is
relaxed when it is quiet and smooth. It is unrelaxed if there is
any movement such as mugcle twitches or swallowing. Please
demonstrate a relaxed throat.

The next relaxed posture we will focus on is your Hands. Your
hands are relaxed wheﬁ you rest them in your lap with the fingers
slightly curled into a claw-like position. Your hands are not
relaxed if the fingers are flat or curled into a ball. Please show
me relaxed hands.

Next; we will focus on being Quiet. You are quiet when you are
not making ény noise, such as talking, loud sighs, or snores. All
right, please demonstrate quiet for the next few moments.

The final relaxed activity is Breathing. Your breathing is
- relaxed when it is slow and regular. It is not relaxed if it is
rapid, or if there are interruptions such as coughing, yawning,
sneezing, sniffing, vocalizations, or the like. Pleasé demonstrate

relaxed breathing.
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Table G-1

Overall Analysis of Variance for Puffs

Effect F df Significance
' level
BETWEEN
Condition . 0.45 (2,42) n.s.
WITHIN
Schedules 3.98 (8,336) | <0.001

Cond. x Schedules 1.18 (16,336) n.s.




Table G-2

Analysis of Block 2
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Effect F df Significance
level
BETWEEN
Condition 0.65 (2,42) n.s.
WITHIN
Schedules 0.73 (2,84) n.s.
Condition x Sched. 0.62 (4,84) n.s.
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Table G-3

Analysis of Block 3

Effect F df Significance
level
BETWEEN
Condition 0.89 (2,42) n.s.
WITHIN
Schedules 11.43 (2,84) <0.000

Condition x Sched. 2.59 (4,84) <0.043




Table 1

Demographic Summary of Subjects

Characteristics ' Condition
Mental Math Relaxation Control

Female 9 9 9

Gender Male 6 6 6
Age Mean 33.8 _ 30.5 30.9
SD 14.6 11.9 11.5

Ethnicity Caucasian 15 13 15

Native American 0 2 0]

# Cigs. 16-20 8 8 5

Smoked 21-25 1 4 6

daily >25 . 6 : 3 4

# Years . 1-2 1 2 0

Smoked >2 14 13 15

Last Quit Never 6 5 5

Attempt >1 yr. ago 7 7 5

<1l yr. ago 2 3 4

? - - 1




Table 2

Means and Standard Deviations for the Number of

Puff Reinforcers Earned per VR Schedule by Condition

60

VR Schedule : Condition
Mental Math Relaxation Control
M SD M SD M SD
4 0.933 (0.961) 0.867 (0.915) | 1.000 (0.926)
| 8 0.867 (0.915) 1.067 (0.884) 0.867 (0.834)
12 1.267 (0.884) 1.067 (0.799) 0.867 (0.743)
16 0.600. (0.632) 1.067 (0.799) 0.800 (0.676)
20 0.800 (0.862) 1.067 (0.704) 0.733 (0.799)
25 1.000 (0.926) 1.000 (0.926) 0.933 (1.033)
30 1.000 (0.926) 0.933 (0.961) 0.867 (0.743)
41 0.867 (0.915) 1.133 (0.915) 0.400 (0.632)
53 0.333 (0.724) 0.667 (0.816) 0.400 (0.737)
Note: M = Mean

SD =

Standard Deviation
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Figure Captions
Figure 1. Mean stress rating by éondition for each rating period.
Figure 2. Mean number of puff reinforcers earned per VR schedule.
Puffs are represented by a circle and coins by a square. The Mental
Math condition is indicated by a solid line, Behavioral Relaxation
condition by a broken line, and Control condition by a series of
dots.
Figﬁre 3. Mean number of reinforcers earned per VR schedule in
Blpck 2.
Figure 4. Mean number of reinfofcers earned per VR schedule in

Block 3.
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