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EVELOPING A theoretical body of

knowledge that can guide practice is
a major task of nursing as it advances as a
scientific discipline. Nurse researchers
wishing to contribute to nursing theory
development by testing nursing theories
must deal with the fact that nursing’s
major theoretical formulations are pri-
marily at the conceptual framework level
of theory development. To use a concep-
tual framework to guide research requires
the researcher to derive less abstract theo-
retical structures.

Fawcett' has recommended the reformu-
lation of existing theories within nursing
conceptual models as an effective way to
derive theory. A testable theorem regard-
ing the sleep-wakefulness rhythm was
reformulated within Rogers’ conceptual
system.”” Hypotheses were derived from
the theorem and were tested in both a
general and a clinical population. The
methodological difficulties encountered

This work was supported in part by the Michigan Depart-
ment of Mental Health Small Grants 80-16.

0161-9268/83/0052-0037$2.00
© 1983 Aspen Systems Corporation

37



38

ADVANCES IN NURSING SCIENCE / JANUARY 1983

indicate that the best test of the theorem
will occur in general population studies.
However, descriptive studies of clinical
populations also are useful, since they
generate needed information about the
recipients of nursing care and suggest
relationships to be tested in more con-
trolled settings.

DEVELOPMENT OF THE
THEOREM

Rogers’ emphasizes an open systems
view of human beings and the environ-
ment as the conceptual basis for nursing
science. Energy field is a central concept of
Rogers’ model. The human field and the
environmental field are energy fields.
Energy fields have no real boundaries; the
pattern and organization identify them. An
energy field is said to have meaning only in
its entirety, since field behavior is unique
and not understandable by a summation of
behavior of the parts. Human and environ-
mental fields are characterized by wave
pattern and organization.

Three principles have been derived from
Rogers” conceptual system: resonancy,
helicy, and complementarity.*’ Resonancy
and helicy are developed as central laws of
interaction in this theoretical framework
for sleep-wakefulness pattern research.
The third principle, complementarity, is
subsumed under the principle of helicy.
Complementarity is addressed as a separate
principle in Rogers’ model to emphasize
the difference between causal and proba-
bilistic models of human development.’
Complementarity is not addressed as a
separate principle in this conceptualization.
However, the mutuality of person-environ-

ment development is considered an inte-
gral aspect of the principle of helicy.

Resonancy

The principle of resonancy describes
change as occurring through a rhythmic
flow of waveforms that order and reorder
the human and environmental fields.
Rhythmic phenomena are considered
expressions of the complementary relation-
ship between human beings and their envi-
ronment.”” Rogers’ conceptual system pos-
tulates that rhythmic repatterning develops
in the direction of increasing complexity
and diversity of rhythmic patterns and
toward rhythms with increasing frequency.
Furthermore, changes in human beings’
rhythmic repatterning are postulated to
occur more rapidly in response to disrup-
tions in the person-environment interac-
tion. Thus, one area for theory develop-
ment suggested by Rogers’ conceptual
system is the nature of rhythmic interac-
tion among evolving open systems.

A discussion of rhythmic phenomena
and their interaction is facilitated by the
use of a number of technical terms com-
monly accepted in rhythm theory. Any
regularly oscillating process may be
described as rhythmic or periodic. Terms
applied to rhythms are peak, which is the
maximum of the oscillation; troxgh, which
is the minimum of the oscillation; and cycle,
which is the shortest part of a rhythm that
repeats itself indefinitely. The time occu-
pied by a cycle is the period. The amplitude
refers to either the actual or the mathemati-
cally estimated distance from trough to
peak. A cycle can be measured from peak
to peak, from trough to trough, or from
any convenient point in one cycle to the



corresponding point in the next. The num-
ber of cycles per unit of time is referred to
as the frequency of the thythm. A phase of a
rhythm refers to any distinctive part of a
cycle, such as the peak or the trough.*’
The human sleep-wakefulness process
can be conceptualized as a rhythm. The
peak of each cycle of the sleep-wakeful-
ness rhythm is the point of greatest wake-
fulness, and the trough is the point of
deepest sleep. Research on human sleep-
wakefulness patterns suggests that depth
of sleep is thythmic, with the deepest sleep,
defined as stage 4 sleep, normally occur-
ring in the first few hours of the sleep
phase of the sleep-wakefulness cycle.
Although less research has been done on
wakefulness, there is evidence that the
degree of wakefulness is also rhythmic.”

Relaxation oscillation

Rhythms can be divided into two types,
linear and nonlinear. Nonlinear rhythms ate
the type described by Rogers.*” In a relaxa-
tion oscillation, one example of a nonlinear
rhythm, a steadily rising or falling value for
a variable crosses a threshold and then
resets to a previous value. The siphon is a
physical model of this type of nonlinear
oscillation. Relaxation oscillations typi-
cally modify their period in response to
environmental rhythms, but they tend to
do so only over a narrow range of peri-
ods.®

In some ways the sleep-wakefulness
rhythm functions as a relaxation oscilla-
tion. Some of the earlier sleep theorists
sought to explain sleep and wakefulness as
the result of an accumulation or depletion
of humoral factors that were thought to be
related to the phenomenon of tiredness.

DEVELOPMENT OF A TESTABLE THEOREM

Human beings are able to modify
their sleep—wakefulness cycles in
response to environmental rhythms,
but tend to do so comfortably only
over a narrow range of periods.

When the processes of sleep had neutral-
ized the accumulated substance, or
restored the depleted substance, wakeful-
ness was postulated to return. An increase
in physical activity or stressful experiences
was thought to affect the critical level of
the substance and, thereby, influence the
sleep-wakefulness cycle. This biological
model of sleep is supported by research
reporting the isolation of substances that
induce sleep.”® Other evidence that the
sleep-wakefulness cycle can be represented
by a relaxation oscillation includes the
empirical finding that human beings are
able to modify their sleep-wakefulness
cycles in response to environmental
rhythms, but tend to do so comfortably
only over a narrow range of periods."

Limit-cycle oscillation

There are other aspects of sleep and
wakefulness which suggest that a second
type of nonlinear oscillation, called the
limit-cycle oscillation, also may represent
the human sleep-wakefulness rhythm. A
nonlinear spring is a physical model of a
limit-cycle oscillation.” The limit-cycle
oscillation has three characteristics: (1) The
limit-cycle oscillation does not show
marked resonance, ie, the tendency for a
rhythm’s amplitude to increase at some
preferred frequency; (2) if the frequency of
a limit-cycle oscillation is gradually altered,
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sudden discontinuities in the amplitude of
the rhythm will be observed; (3) the limit-
cycle oscillation does not show superposi-

tion, ie, if two frequencies are applied to it

simultaneously, the resulting rhythm is not
the same as the sum of the separate
rhythms.*

There is empirical evidence that the
limit-cycle oscillation is a useful model for
representing the sleep-wakefulness cycle.
With regard to the statement that limit-
cycle oscillations fail to show marked
resonance, there is no evidence that the
amplitude of the sleep-wakefulness cycle
increases at some preferred frequency. If
the sleep-wakefulness rhythm did show
resonance, there should be evidence of
deeper sleep and greater wakefulness in
some kinds of sleep-wakefulness cycles.
This has not been found by sleep research-
ers. Furthermore, a series of experiments
conducted in underground bunkers dem-
onstrated that depth of sleep, as well as
peak of waking performance, is distributed
when the light-darkness cycle is gradually
altered to create artifically shortened or
lengthened days." This empirical finding is
congruent with the statement that limit-
cycle oscillations suddenly change ampli-
tude when frequency is gradually modi-
fied. Finally, the research on recovery time
following sleep deprivation demonstrates
the nonadditive effect of hours of sleep
deprivation on subsequent sleep needs."
This observation is congruent with the
statement that limit-cycle oscillations fail
to demonstrate superposition.

A view of the human sleep-wakefulness
rhythm as a limit-cycle oscillation is con-
gruent with Rogers’ model of human field
rhythmicity. The toy “Slinky,” which Rog-

ers suggested as a visual model of human
field rhythmicity,’ is a nonlinear spring and
thus interacts with environmental forces in
the manner described previously. When
handling the toy one finds that the applica-
tion of force results in changes in the
frequency and direction of the spring but
no increase in the width (amplitude) of the
“Slinky" is observed.

The empirical evidence suggests that
more than one nonlinear oscillation may
be involved in what researchers observe to
be the human sleep-wakefulness rhythm.
Some aspects of sleep and wakefulness
appear to be influenced by biological vari-
ables whose rhythms are best represented
by a relaxation oscillation model. Other
aspects of sleep and wakefulness appear to
be influenced by variables, as yet unidenti-
fied, whose rhythms are best represented
by a limit-cycle model. Whatever the spe-
cific number and nature of oscillations in-
volved, the oscillations’ tendencies to cou-
ple with one another is central to an
understanding of sleep and wakefulness as
a human field rhythm.

Helicy

The principle of helicy describes the
nature and direction of change toward
increasing complexity and diversity of
human field pattern and organization and
toward waveforms of increasing frequen-
cy.”> In this conceptualization of wave-
forms, increasing frequency is subsumed
under increasing complexity. Webster
defines complexity in terms of “a whole
made up of complicated or interrelated
parts,” and "a group of obviously related
units of which the degree and nature



of the relationship is imperfectly
known."¥PP#*3Y Drawing from Webster's
definitions, any process such as the sleep-
wakefulness cycle can be considered to be
increasing in complexity if it incorporates
increasingly more units in its pattern and
organization. When the units are the same
as those initially present, the increase in
complexity represents a quantitative
change. When the units are different from
those initially present, the increase in com-
plexity involves a qualitative change."

In discussing the two ways in which a
process can increase in complexity, Wer-
ner’” describes quantitative changes that
are related to change in amount, frequency,
and magnitude. Amount refers to absolute
growth or increase in the number of occur-
rences of a specific unit, whereas frequency
refers to an increase in the rate of occur-
rence per unit of time. Magnitude refers to
growth in the size of each unit as distin-
guished from amount, which refers only to
the number of units without reference to
their size.

Qualitative changes can also be identi-
fied. According to Werner, qualitative
change is concerned with the kind or type
of thing that exists and with whether
something new has emerged in the process.
In qualitative change something new
comes about in development. Because it is
qualitatively different from what came
before, it cannot be reduced to what came
before.” Flavell'® discusses the outcomes
of qualitative change and identifies three
possibilities: (1) The new unit can coexist
with the old; (2) it can replace the old; or (3)
it can modify the old such that the new
unit appears to be an improved, matured,
or perfected version of the old.

DEVELOPMENT OF A TESTABLE THEOREM

Predicted changes

A number of quantitative and qualitative
changes in the sleep-wakefulness rhythm
can be predicted from Rogers’ principle of
helicy. The first prediction is that the
amount of wakefulness will increase with
development. The amount of wakefulness,
rather than the amount of sleep, is pre-
dicted to increase, since Rogers’ concep-
tual system postulates change in the direc-
tion of increasing wakefulness.

The second prediction is that the num-
ber of sleep~wakefulness cycles per unit of
time will increase with development. It has
been noted that among retired persons
there is a tendency toward a polyphasic
way of alternating naps and waking.17 In
addition, Webb" has reported that nap-
ping among young adults is much higher
than uvsually recognized. Eighty-five per-
cent of his subjects reported napping. It is
also noteworthy that in a number of cul-
tures the afternoon nap is the custom
rather than the exception.

The third prediction states that within a
given sleep-wakefulness cycle, both the
length of sleep and the length of wakeful-
ness will increase with development. Some
evidence of this change has been reported
by Conroy and Mills." They reported that
about 1 person in 20 moved to an approxi-
mate 48-hour sleep-wakefulness cycle—for
instance, 36 hours awake and 12 hours
asleep—when environmental cues to day
and night were removed.

Qualitative changes

The increasing complexity described by
Rogers also may manifest itself in qualita-
tive changes in the sleep-wakefulness
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rhythm. A fourth prediction is that change
in the quality of the sleep-wakefulness
cycle occurs; ie, new elements emerge with
development. These new elements may
coexist, replace, or modify the old ele-
ments. The old elements in this case are
sleep and wakefulness. A review of the
literature on altered states of conscious-
ness" suggests that states beyond the usual
understanding of wakefulness, or "beyond
waking,” are emerging.Z

The four predictions involve increasing
complexity of the waveform pattern and
organization of the human sleep-wakeful-
ness cycle. In addition, diversity among the
waveform pattern and organization is pos-
tulated by Rogers’ principle of helicy. A

Changes in human sleep—wakefulness
patterns are manifest in the
increasing range of hours in which
one can work, recreate, shop, or
conduct business.

statement of a prediction based on increas-
ing diversity in the human sleep-wakeful-
ness cycle is as follows: Within the human
population the types of sleep-wakefulness
patterns are increasing. Some evidence of
this change is manifest in the increasing
range of hours in which one can work,
recreate, shop, or conduct business. The
identification of morning versus evening
types of people® lends support to this
prediction, as does the recently discussed
phenomenon of night people.

Framework for study

The way in which Rogers’ conceptual
system guides the study of sleep-wakeful-

ness patterns can be summarized in the
following manner: In Rogers' system
human beings and their environment are
energy fields identifiable by their pattern
and organization. Three principles—reso-
nancy, helicy, and complementarity—
describe the process, nature, and direction
of change within energy fields. Since life’s
rhythms are integral to and inseparable
from environmental rhythms, deviations in
the rhythmic relationship between human
beings and their environment are postu-
lated to manifest themselves in disruption
and reorganization of the human and envi-
ronmental fields directed toward the evo-
lution of a new rhythmical relationship.*
The focus of sleep-wakefulness pattern
research using this theoretical framework is
the nature of sleep-wakefulness rhythm
repatterning during deviations in the rhyth-
mic relationship between human beings
and their environment.

The prior discussion develops a theoreti-
cal framework for the study of one human
field rhythm: the sleep-wakefulness
rhythm. The theoretical framework was
derived using Rogers’ conceptual system
as the organizing framework for reformu-
lating the rhythm perspective. Develop-
mental concepts and findings from
research in the area of sleep and wakeful-
ness were used to guide the reformulation.
A reformulation was required, since some
incongruencies between the rhythm per-
spective and Rogers’ conceptual system
exist.” One incongruency is the lack of any
postulate within the rhythm perspective
encompassing the direction of change in
waveform repatterning. Rogers’ principle
of helicy identifies the direction of change,
but within the rhythm framework no simi-
lar principle has been developed. Without



reformulation, no predictions can be made
about the developmental outcomes of
waveform repatterning.

Testable theorem

A testable theorem has been deduced
and is stated as follows: Persons experienc-
ing a deviation in the rhythmic relationship
with their environment will manifest
greater complexity and diversity in their
sleep-wakefulness patterns than persons
who are not experiencing a deviation in the
rhythmic relationship with their environ-
ment. There are a number of ways in which
this theorem can be tested. For instance,
deviations in the person-environment
interaction resulting from the experience
of hospitalization or shift work can be
studied. Each of the five predictions
regarding increasing complexity and diver-
sity of the sleep-wakefulness rhythm can
be operationalized and tested.

Two studies designed to test the theo-
rem are described. The focus of the first
study is shift work as experienced by adults
employed in a variety of settings. The
second study focuses on hospitalization as
experienced by adult psychiatric patients.
The studies demonstrate the operationali-
zation and test the first two predictions
regarding increasing complexity and diver-
sity of the sleep-wakefulness rhythm: (1)
The amount of wakefulness will increase;
(2) the frequency of sleep-wakefulness
cycles will increase.

THE SHIFT WORKER STUDY

The purpose of this study was to test
hypotheses derived from the theorem that
shift rotation is the source of environ-
mental disruption. Four hypotheses were

DEVELOPMENT OF A TESTABLE THEOREM

addressed. The first two hypotheses repre-
sent tests of increasing complexity in
human sleep-wakefulness rhythms; the
second two hypotheses represent tests of
increasing diversity in human sleep-wake-
fulness rhythms.

1. Rotating shift workers will report
more total wakefulness time than
nonrotating shiftworkers.

2. Roating shiftworkers will report a
higher frequency of sleep-wakeful-
ness cycles than nonrotating shift
workers.

3. Rotating shift workers will report
greater variance in total wakefulness
time than nonrotating shift workers.

4. Rotating shift workers will report
greater variance in frequency of
sleep-wakefulness cycles than nonro-
tating shift workers.

Rotating shift workers were defined as
those who do not routinely work one shift
exclusively. Nonrotating shift workers
were defined as those who routinely work
only one shift, ie., days, afternoons, or
nights. Total wakefulness time was defined
as the amount of time the subjects
reported being awake per 24-hour period.
Frequency of sleep-wakefulness cycles was
defined as the number of times per 24
hours the subjects reported a period of
sleep followed by a period of wakefulness.

The subjects were 60 volunteers who
work in settings with day, afternoon, and
night shifts including factories, airports,
and health care settings. Thirty rotating
shift workers and 30 nonrotating shift
workers were interviewed regarding their
usual sleep-wakefulness patterns. In each
group of 30, 10 subjects filled out a sleep
chart while working days, 10 subjects filled
out a sleep chart while working afternoons,
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and 10 subjects filled out a sleep chart
while working nights. Rotating shift work-
ers were working a shift to which they had
been rotated within the previous 24 hours;
nonrotating shift workers were working a
shift to which they had been assigned a
minimum of 4 months.

Study instrument

The instrument used for recording sleep
and wakefulness was a modified form of a
sleep chart originally developed by Lewis
and Masterton.” The issue of subjective
measurement of sleep patterns is a major
one in that such techniques rely on estima-
tions of wvarious times and durations.
Efforts have been made to establish the
validity of subjective measures of sleep and
wakefulness. Baekeland and Hoy,” in eval-
uating an instrument similar to the Lewis
and Masterton sleep chart, found that
subjects were able to estimate awakenings
greater than 4 minutes in duration without
differing significantly from recorded elec-
troencephalograph patterns. Browman and
Tepasz" also evaluated a similar sleep chart
and reported that subjective estimates of
time spent in bed before falling asleep,
awakenings during the night, and total
sleep time were not significantly different
from electrophysiological estimates of
these parameters.

The statistical design of the study was a
2 X 3 factorial with two dependent mea-
sures. The first factor, worker status, had
two levels: rotating and nonrotating. The
second factor was the shift worked during
the time the sleep chart was completed.
There were three levels of this factor: day,
afternoon, and night. The two dependent
measures were quantitative aspects of the

sleep-wakefulness rhythm: total wakeful-
ness time and frequency of sleep-wakeful-
ness cycles.

Extraneous variables demonstrated to be
related to the dependent variables are gen-
der, age, and drug use.”” The groups were
matched on gender and age. The first two
hypotheses were tested using analysis of
covariance, with drug effects specified as a
covariate. Drug effect scores were
obtained from biological psychiatrists who
rated the expected effects on sleep-wake-
fulness pattern variables of all drugs used
by subjects during the study. Interrater
reliability ranged from .79 to .86. The
second two hypotheses were tested using
Hartley’s test for the homogeneity of vari-
ance.” Alpha was set at .05.

Results

The two hypotheses regarding increas-
ing complexity were not significant at the
.05 level. However, there were trends in the
predicted directions for both hypotheses.
Rotating shift workers slept an average of
.33 hour less than nonrotating shift work-
ers, F(1, 53) = 3.89, p < .10. Similarly, there
was a trend toward rotating shift workers
reporting a higher frequency of sleep-
wakefulness cycles than nonrotating shift
workers, F(1, 53) = 3.53, p < .10.

The two hypotheses regarding increas-
ing diversity were both statistically signifi-
cant. The variance on total wakefulness
time was greater for the rotating shift
workers than for the nonrotating shift
workers, Fy,(2, 59) = 2.71, p < .05. The
variance for frequency of sleep-wakeful-
ness cycles also was greater for rotating
shift workers than nonrotating shift work-
ers, Fy (2, 59) = 2.25, p < .05.



The second factor, ie, the shift worked
during the time the sleep chart was com-
pleted, also was not related to total wake-
fulness time nor frequency of sleep-wake-
fulness cycles. This indicates that the rota-
tion of shifts, rather than the timing of the
shift worked, may be a major factor in
understanding the sleep-wakefulness pat-
terns of shift workers.

THE PSYCHIATRIC
HOSPITALIZATION STUDY

The purpose of this study was to test
hypotheses derived from the theorem that
hospitalization is the source of environ-

Rotation of shifts, rather than the
timing of the shift worked, may be a
major factor in understanding the
sleep—wakefulness patterns of shift
workers.

mental disruption. Four hypotheses com-
parable to those tested in the shift worker
study were tested. Hospitalized psychiatric
patients were predicted to have more com-
plex and diverse sleep~wakefulness
rhythms than psychiatric outpatients, since
the process of hospitalization was concep-
tualized as resulting in an encounter
between the individual’s sleep-wakefulness
rhythm and a new environmental rest-
activity pattern.

The literature review suggested that
sleep~wakefulness patterns of psychiatric
patients may be influenced by psychiatric
diagnosis, gender, age, and medica-
tion.”"” Therefore, a matched-pairs design
was used: Hospitalized subjects were

DEVELOPMENT OF A TESTABLE THEOREM

matched pairwise with outpatient controls
on the variables of psychiatric diagnosis
and gender. Age and drug effects were
specified as covariates. As with the shift
worker study, covariate scores were
obtained from physicians’ ratings. The
“treatment” was hospitalization. The de-
pendent variables were the two quantita-
tive aspects of increasing complexity of the
sleep-wakefulness rhythm: total wakeful-
ness time and frequency of sleep-wakeful-
ness cycles. Repeated-measures analysis of
covariance and Hartley's test of homo-
geneity of variance were used to test the
hypotheses.”

Setting and samples

The setting for the study was a small
urban psychiatric hospital that serves as a
research center for the public mental hos-
pital system of a midwestern state. The
hospital provides both inpatient and outpa-
tient services. Data were collected from
patients admitted to the adult inpatient
wards of the hospital and from patients
utilizing the outpatient services of the hos-
pital.

The hospitalized sample consisted of the
first 35 inpatients who agreed to participate
in the study, were free from chronic illness
other than psychiatric illness, and were
mentally able to participate in the study as
determined by the investigator’s clinical
judgment and consultation with ward
staff. The control group consisted of the
first 35 outpatient subjects matched to
inpatient subjects on gender and diagnosis
who agreed to participate in the study and
who met the above criteria for inpatient
subjects along with the following addi-
tional criteria: They must have at least one
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hospitalization for psychiatric problems;
no hospitalization within the past 2 weeks;
and no reported change in the timing of
scheduled waking activities during the past
2 weeks. The inclusion criteria were
designed to equate the two groups with
regard to health status, including degree of
psychiatric impairment, as well as rule out
the occurrence among outpatient subjects
of environmental disruptions comparable
to hospitalization, such as shift work.

In this study, the validity of the sleep
chart was established by comparing nurs-
ing records of the hospitalized subjects’
sleep with their self-reports. Staff reported
an inability to tell from observation
whether subjects were asleep or awake in
3% of their observations. For those periods
of time when the staff member was certain
about the subject’s sleeping or waking
state, there were no discrepancies between
staff and patient records of sleeping and
waking.

Results

It was found that hospitalized subjects
were awake nearly 1 hour more per 24-hour
period than the matched outpatient sub-
jects, F(1,33) = 4.78, p < .05. Thus the first
hypothesis, that hospitalized psychiatric
patients will report more total wakefulness
time than outpatient controls, was sup-
ported.

The second hypothesis, that the fre-
quency of sleep-wakefulness cycles would
be greater for hospitalized subjects than
outpatient controls, was not supported.
The third and fourth hypotheses, that hos-
pitalized subjects would report more vari-
ance in total wakefulness time and fre-

quency of sleep-wakefulness cycles, also
were not supported.

DISCUSSION

The trends and significant findings of
the shift worker study are interpreted as
supportive of Rogers’ conceptual system
and the theoretical statements derived
within that system, including the following
assumptions:

* Human beings and their environment
are evolving, open systems identifiable
by their pattern and organization.

e Change in human and environmental
fields occurs through the rhythmic
flow of waveforms.

* The sleep-wakefulness rhythm repre-
sents one index of human field func-
tioning.

* Total wakefulness time and frequency
of sleep-wakefulness cycles are indica-
tors of complexity and diversity in
sleep-wakefulness patterns.

* Rotation of the shift being worked
represents a deviation in the rhythmic
relationship between human beings
and their environment.

However, when the theorem was tested
with a clinical population, only one of the
hypotheses was supported. Possible expla-
nations for this discrepancy between the
two studies include uncontrolled situa-
tional variables in the clinical setting or
spurious findings in the shift worker study.
Since the findings from the shift worker
study have not been replicated, it is possi-
ble that they represent type Il error® or can
be accounted for by some other variable.
For instance, one limitation of the shift
worker study was the failure to control for



type of shift work being done. Some of the
subjects were engaged in hard physical
labor, which may be related to decreased
total wakefulness time; other subjects were
engaged in emotionally stressful work,
which may be related to more frequent
awakenings.”

Variables

One situational variable that is difficult
to control is the effect of drugs on sleep-
wakefulness patterns. Drug use among the
shift workers was limited to caffeine, nico-
tine, and alcohol. The effects of these
drugs on sleep-wakefulness patterns have
recently been documented.”*** Statistical
control of the effects of psychotropic
drugs on the sleep-wakefulness pattern
variables of interest in these studies is less
well documented. They also are more diffi-
cult to predict, since it is necessary to deal
with the effects of many more drugs as
well as their interactions.

Additional stituational wvariables that
affect sleep-wakefulness pattern variables
but that are difficult to control in the
clinical setting include health status and
environmental stimuli. Although the psy-
chiatric subjects were matched on diagno-
sis and were drawn from a population that
has experienced psychiatric hospitalization,
acuteness of psychopathology and the
effects of the subsequent treatment with
psychotropic drugs are difficult to control
with confidence. In addition, no informa-
tion was gathered regarding the home
environment of the outpatients. A number
of environmental factors may have con-
tributed to the failure to support more of
the hypothesized differences between hos-

DEVELOPMENT OF A TESTABLE THEOREM

pitalized and outpatient sleep-wakefulness
patterns.

Testing of hypotheses

The reformulation of existing theories
within nursing conceptual frameworks
results in theoretical formulations that
have not been empirically tested. The best
test of hypotheses derived from these for-
mulations is in settings with as few uncon-
trolled situational variables as possible. In
research on sleep and wakefulness, general
populations free from chronic illness and
with minimal or no drug use would be
ideal. Since such individuals are rarely
hospitalized, hospitalization is ruled out as
the best environmental disruption to be
used for a major test of the theorem. Shift

Shift work studies with nursing
personnel can yield information
useful to nursing in organizing
optimal systems for around-the-clock
delivery of nursing services.

work studies, especially those in which the
type of shift work is controlled, would
appear to provide a better test of the
theorem. If these shift work studies were
done with nursing personnel, the research
could also yield information useful to
nursing in organizing optimal systems for
around-the-clock delivery of nursing ser-
vices.

Although well-controlled tests of the
theorem are difficult in clinical popula-
tions, sound descriptive studies of clinical
populations’ sleep-wakefulness patterns
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during hospitalization and on discharge to
the community also are needed. The corre-
lates of differing sleep-wakefulness pat-
terns and the interaction of factors such as
health status, medical treatment, and envi-
ronmental stimuli all warrant exploration.
Therefore, two approaches to research on
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