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Abstract

A STUDY OF THE PHYSIOLOGICAL AND MENTAL EFFECTS OF
VARIOUS SHIFT PATTERNS ON REGISTERED NURSES

by Carolyn Taylor Smith

The effects of shift work on cI read I an rhythms has become a sub

ject of great Interest to many industries, hospitals, and sleep researchers.
More and more recognition is being given to the results of these studies,

especially the possible adverse effects on those working the night shift
or a shift they are unable to adapt to adequately.

Only a few of these

studies, however, have been conducted on registered nurses, a major group
involved with shift work.

The purpose of the present study was to

investigate the effects

on nurses working the a.m. shi ft (7 a.m. to 3:30 p.m.), the p.m. shi ft (3 p.m.

to 11 :30 p.m.), and the night shift (11 p.m. to 7:30 a.m.) full-time.

In

addition, a fourth study group was Included, namely, the part-time night
shift.

All four of these groups were studied in regard to performance,

mood, and temperature.

Urine specimens were collected and analyzed for

sodium and potassium content on the two night-shift groups.

The study was

conducted for a minimum of five working days with at least one day off
among them for all the full-time groups, and data were col lected for up
to two weeks in the part-time night-shift group.

This study is of a correlational , comparative type.

were divided into four groups:

The subjects

Group 1, the a.m. group (N=9); Group I I , the

p.m. group (N=6); Group 1 1 1 , the full-time night-shift group (N=6); and

Group IV, the part-time night-shift group (N=5)•

Subjects were admitted

into the study when they met the criteria for selection, were wil ling to

participate, and worked an appropriate schedule to fit the study time.
The data were analyzed according to cosine fit, standard devia
tion, and angular standard deviation and mean with a computer program
which was 360° to fit the Z^t-hour clock.

researched.

Seven null hypotheses were

Chi-Square tests were run on the demographic data, and an

analysis of variance on the math scores (performance) and mood test
scores was made.

in al l the areas investigated some differences and

trends were found among the groups.

The following is a list of the re

sults of the null hypotheses tested.

1.

No significant difference was found in the performance of

mathematical tasks when the scores of the four groups were compared.

2.

No significant difference was found between the different

shift patterns regarding tension-anxiety as measured by the Profile of
Mood States (POMS)» test.

3.

No significant difference was found between the different

shift groups regarding depression-dejection as measured by the POMS

A.

No significant difference was found between the four groups

regarding anger-hosti l ity as indicated by the POMS test.

5.

No significant difference was found between the different

shift patterns regarding vigor as indicated by the POMS test.

6.

The p value was p=.056 for fatigue as measured by the POMS

test when the four groups were compared.

7.

No significant difference was found between the different

shift patterns regarding confusion-bewilderment as indicated by the
POMS test.

In reference to the hypotheses list, the a.m. shift did worse over

all on the performance examinations (math). The p.m. shift and ful1 -1ime

night shift did the best on the basis of an analysis of variance; how
ever, none of the differences was significant.

All four groups had tem

perature mean peaks which were reasonable for the shifts the subjects in
those groups worked. The a.m. shift's temperatures peaked n»st often on
a day off, whi le those of the other three groups peaked more often on
a working day.

No tests of significance were done on the temperature

read i ngs.

The mood tests were given to each subject at the beginning of

each shift. The two night-shift groups (1 1 1 and IV) reported having the

highest amount of tension, depression, anger, fatigue, and confusion.
The p.m. group (I I) reported the most vigor.

An analysis of variance was

done on all these variables in the Profile of Mood States test.

The

fatigue scores were the only ones found to approach significance (p=
.056).

Urine samples were collected and temperature readings were taken

simultaneously every three hours by both night groups (I I I and IV) whi le
the subjects were awake. These were analyzed for sodium and potassium
content.

In Group I I I , most of the subjects had their peak within two

to three hours of one another.

In Group IV, however, the sodium readings

varied greatly and peaked several hours earl ier in the day than they did

In the subjects in Group 1 1 1. The potassium readings varied widely
between individuals.

Chi-square was done on the demographic data of age, ethnic back

ground, marital status, children, average number of hours of sleep ob
tained on a day off, and average number of hours slept on a day worked.
The first four were not significant at the 5 percent level of signifi
cance.

The average number of hours of sleep on a working day had a p

value of .056 and on a day off of .037.
On the basis of the results of this study, the following recom

mendations were made:

that a similar study be made, but with matching

groups and with more subjects in each group, and that the project be
carried on for a longer period of time.

it was also suggested that

different tools be used, for example, a different mood test and a dif

ferent test for performance.

It was recommended that the urinary sodium

and potassium tests should be done on more subjects, preferably on all
subjects participating. Also, a larger number of variables could be
included for study, such as heart rate, blood pressure, respiratory rate,
and urinary cortisone levels.

The impl ications for nursing include the relevance of this study
for both the staff nurse in a hospital setting and the administrative

nurse who is responsible for schedul ing and hiring nurses. The staff
nurse can be aware of her own circadian rhythms and of the possible

effects of working various shifts (e.g., the increase in fatigue of
those working the night shift). She can also be aware that other rela
ted studies have shown that if a person maintains on her days of''^ the

same sleep/wake pattern of her work shift, her adjustment is easier and
quicker.

Also, for staff development classes, the teacher can be aware

of times best suited for retaining Information, depending on the shift
her students work.

The administrative nurse can be aware of the effects

that lack of sleep may have on performance and mood of her employees,

taking these into account when hiring for a part-time night-shift posi
tion, or when counsel ing prospective or current employees.
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Chapter 1

DELINEATION OF THE PROBLEM

Many unseen biological rhythms underl ie much of what we think to
be constant within ourselves and our surroundings.

react to change?

constant?

How do these rhythms

Do the rhythms change with the situation or always stay

If they do vary, how does this change affect the person physio

logically and mentally in whom the change was made?
Background of the Problem

The nurse working the night shift (11 p.m. to 7 a.m.) may or may
not recognize changes in her mood, performance and wakefulness.

She

rarely is aware of physiological changes as reflected in temperature and
urine electrolytes.

It has already been establ ished that "night shift

workers often get less sleep than day workers" and suffer a variety of

ailments (Kleitman, 1963> P« 316; Segal, 1970, p. 32). Aschoff (1965)
has found in his research that night workers "generally are not as effi

cient and suffer psychological ly and physiologically." (Aschoff, 1965> P»
IA32)

Taub and Berger (197^) found that performance and mood decl ine

during the day following acute two- to four-hour advances and delays in
time, even with the same number of hours of sleep.

This indicates that

there may be a change in mood and performance when one changes from a day

shift (7 a.m. to 3 p.m.) to an afternoon shift (3 p.m. to 11 p.m.) or
vice versa.

Pel ton (1976) found that it took nine to ten days for the

temperature and urine electrolytes to become adjusted to the new cycle,
and some subjects were never able to adjust.

The Need for the Study

it is a part of nursing philosophy to provide continuity of care

for the patient.

In order to provide this care, 24-hour coverage is

required, seven days a week. This means that some nursing personnel must
work the night shift.

The physical and psychological effects of changing

the sleep-wake cycle were first noticed through observations and personal
experience of the researcher, who noted in herself and others an apparent
decrease in performance and a change in mood.

The question arose as to

whether these changes could be a result of working a shift incompatible
with the workers' bio rhythms.

Also, it is known that some who work the

night shift do not remain on that schedule on their days off because of
social reasons (Felton, 1971).

Such persons never have a chance to ad

just to any schedule since they fluctuate between day/night cycles.
Objective of the Study

Many sleep studies of various types have been conducted, but few
have been done on registered nurses, one of the largest groups of

employees to work regularly on three different shifts.

The specific

objectives of this study were to compare four different shift patterns
(full-time day shift—7 a.m. to 3 p.m.; full-time evening shift—3 p.Ti
to 11 p.m.;

ful l-time night shift—11 p.m. to 7 a.m.; and part-time

night shift—11 p.m. to 7 a.m. at least two days per week and no more

than four days per week).
1.

These were compared in regard to:

Performance on a simple mathematical test of 15 addition and

10 multiplication problems.
2.

Mood as recorded on the POMS test.

3.

Oral temperature taken every three waking hours for five

working days.

k.

Potassium and sodium levels in urine samples from both night

shift groups collected every three waking hours, with the temperature
readings.

Assumpt ions

it was assumed that the research subjects were representative of

the study population; that the testing tools used were val id and rel iable;
that the biochemical data accurately reflected disturbances in sleep pat

terns or circadian rhythms; that the theories upon which this study was
based and those forming the theoretical framework were true; that the

subjects would honestly record their mood on the POMS test; that partici
pants would be able to understand instructions given and terms used on
the adjective check list (POMS).
Rationale and Theoretical Framework

The theoretical framework upon which this study is based has a

number of components.

One very basic theory is that seven to nine hours

of normal s1eep are essential for integrated psychophysiological function

ing (Kleitman, 1963; Hartman, 1973).

If it is true that night workers

often get less sleep than do day workers and suffer a variety of ailments,

especially digestive ones (Kleitman, 1963, P- 316; Segal, 1970, p. 32);

That "when day-night habits are reversed, sleep is briefer, more

broken by spontaneous awakenings (quite apart from the noises of people,
dogs, or traffic)" and by frequent changes by electrical brain waves
(Oswald, 1971 > P- 1206); and

That night workers "generally are not as efficient and suffer

psychologically and physiologically" (Aschoff, 1965, p- 1^32); and
That performance and mood decl ine during the day following acute
two- to four-hour advances and delays in time with the same number of

hours of sleep (Taub and Berger, 197^); and
That in adapting to night shift work, peak "temperature and urine

excretion cycles move towards the night activity period," urine potassium
cycles advance three hours, urine sodium, creatinine and osmolarity
advance six hours toward the new night duty, it takes nine to ten days

for these to become adjusted to the new cycle and some subjects are never

able to adjust (Felton, 1965);

Then, disruption of normal sleep patterns (type and amount) will
result in disequil ibrium, disturbances, or dysfunction in one or more of
the above.

Because nursing care is provided seven days a week, 2k hours

per day in the hospital setting, very probably there wi l l be some disrup
tion of the normal biorhythms of those working shifts that are contrary

to their normal circadian rhythms.

This disruption can lead to observable

signs and symptoms of disrupted sleep patterns such as fatigue, digestive

disorders, restlessness, mood changes, and changes in performance levels.
The measurement of temperature and urine electrolytes aid further in
evaluating these signs of disrupted sleep cycles.

Thus it was hypothe

sized that registered nurses may exhibit some of the signs of mood changes,
performance level changes, temperature changes and physiological changes
measured by urine electrolytes.

The Hypotheses

The level of significance was preset at a=.05.

The null hypo

theses were that there would be no significant differences in the follow-

1.

The performance of mathematical tasks when the scores of the

four groups are compared.
2.

The different shift patterns regarding tension-anxiety as

indicated by the Profi le of Mood States (POMS) test.
3.

The different shift patterns regarding depression-dejection

as measured by the POMS test.

k.

The different shift patterns regarding anger-hostil ity as

indicated by the POMS test.

5.

The different shift patterns regarding vigor as indicated by

the POMS test.

6.

The different shift patterns regarding fatigue as indicated

by the POMS test.

7.

The different shift patterns regarding confusion-bewi 1derment

as indicated by the POMS test.

Definition of Terms

Several definitions or explanations were constructed for use in

this study.

They include the following:

shift patterns, performance,

mathetmatical task, mood, and part-time night-shift workers.

Shift Patterns

Shift patterns for this study were defined as three eight-hour

shifts.

The day shift extended from 7 a.m. to 3 p.m., the evening shift

from 3 p.m. to 1 1 p.m., and the night shift from 11 p.m. to 7 a.m.

These

were Groups I , I I , and 1 1 1 respectively.

Performance

Performance was defined as the successful completion of a mathe

matical task which included 15 addition and 10 multipl ication problems.
It was measured by the number of correct answers given during the time
required to complete each test.

These tests were given at the beginning

of each shift worked.

Mathematical Task

This included a total of 25 problems.

There were 15 addition

problems with the first eight being in three rows with three columns of
numbers and the last seven problems in two rows with four columns of num

bers.

Ten multipl ication problems were included.

two columns.

Each was two rows with

Two numbers were in the first row and one in the second

(see Append i x F).

Mood

For the purposes of this study, mood was defined as attitudes and
feel ings at a given time.

it was measured by the Profile of Mood States

test, which is an adjective check l ist measuring the following factors:
tension-anxiety, depression-dejection, anger-hosti l ity, vigor, fatigue,
and confusion-bewilderment.

The POMS manual indicates that the test has

been developed to test feel ings, affect, and mood to enhance the under

standing of the psychology of emotions (POMS Manual , 1971)Part-Time Night-Shift Workers

This group was defined as staff registered nurses who worked no

more than four and no less than two eight-hour night shifts (11 p.m. to
7 a.m.) per week.

They were to have worked on a part-time basis on the

night shift for at least three months.

Scope and Del imitations of the Study

The study was limited by the numbers and types of people who

agreed to be in the study, and l imited to females.

The researcher was

l imited by the possibility that unforeseen factors could cause inaccurate
test results, thus interfering with the results of the study.

The re

searcher and subjects developed a relationship which may have in some way

affected the study results.
tation.

The Rosenthall effect may have been a l imi

Also, the difficulty in assessing the values and expectations of

the study subjects may have l imited the study.

The different home en

vironments could not be controlled and may have affected the study out-

Outl ine of the Remainder
of the Thesis

The problem is del ineated in Chapter 1.

Chapter 2 presents a

review of the current l iterature related to the following divisions of

this study: (a) circadian rhythms related to shift work, and (b) the
effects of various sleep patterns on oral temperature, performance, mood,
and urine electrolytes.

study.

Chapter 3 discusses the methodology used in the

Chapter k analyzes the data collected, and Chapter 5 summarizes

the study findings and offers conclusions and recommendations.

Chapter 2

SELECTIVE REVIEW OF THE LITERATURE

In the review of nursing and medical literature related to this

study the information is organized into five areas:

circadian rhythms

related to shift work, and the effects of various sleep patterns on oral
temperature, performance, mood, and urine electrolytes.

Circadian Rhythms Related to Shift Work

The entire world functions in rhythmicity from the simple living

organisms to the most complex--man.

These rhythms range from "12.lt hour

intervals between tides, through daily (2lt.0 hours), up to monthly and

even yearly rhythms." (Palmer, 1977, p. 3) One can observe rhythmicity
in the rising and setting of the sun and moon, in photosynthesis, in the

tides, and in the seasons (Dement, 1976; Aschoff, 1976; Palmer, 1977).
The rhythms pertaining to man include temperature, urine flow and electro
lytes, transport of various chemicals, heart rate, levels of activity,
blood pressure, mood, mental and physical performances, sleep, cell divi

sion, and many more (Trumbull, 1966; Aschoff, 1976; Dubos, 1965; Lanuza,
1976; Luce, I97O; McFarland, 1975).
A conmon assumption today is that every organism possesses a
number of "internal clocks" which indicate when a given physiological

activity occurs (Aschoff, 1976; Dubos, 1965). These internal clocks
deviate very l ittle from a 2i»-hour cycle.

This daily rhythm is known as

"circadian," from the Latin circa dels, which means "about a day."

(Dement, 1976; Dubos, 1965; Luce, 1970)

The period of the rhythm is

actually about 2A.5 to 25 hours (Aschoff, 1976; Conroy, 1972; Dement,
1976; Mills, 197^; Reinberg, 1975).

These internal rhythms can be

modified by external factors such as temperature, the season, sleep
loss, isolation, occupation, a change in working hours, and even a

change to daylight-saving time (Kawakami, 1972; Monk, 1976; Trumbull,
1966).

A normal phase relationship is essential for the maintenance of

a healthy organism (Dubos, 1965; Trumbull, 1966). This synchronization
of body functions can be disrupted by shifting the sleep/wake cycle.

McFarland (1975) says that "if the normal cycle is shifted either for
ward or backward, the rhythmic mechanisms within the body tend to become

desynchronized and may give rise to unpleasant consequences." (McFarland,
1975. p. 23)
Trumbull (1966) says, "The extent to which sleep is an aspect of
or determined by circadian rhythms, whether produced by primary or second

ary synchronizers, is not known," but one night of sleep loss produces

profound, adverse effects (Trumbull , 1976, p. 39^)-

The same type of

shifting occurs when a person changes from a day-work job to a night-work
job, or when one is required to rotate shifts. "In shift rotation, desynchronization occurs as a result of a complete and abrupt alteration

of the l iving regimen, especially sleep and activity." (Lanuza, 1976, p.

Desynchronization may cause physiological and mental disturbances.
Bunning says:

Even after a person has worked the night shift for a long
period, many body functions retain the original phase position
of their rhythm, although the rhythm of sleep has been com
pletely reversed. This dissociation or "desynchrony" must
result in physiological disturbances during the transitional

period. (Bunning, 1973, P- 231)
He goes on to say that doctors have said many times that "disturbed phase

relations" can lead to disease.

Felton (1976) says desynchronization can

lead to psychomotor inefficiency and can exaggerate feelings of malaise
and irritabi l ity already present due to sleep loss.

She says disruption

of circadian rhythms can be evidenced by restlessness, nervousness, being
awake or sleepy at inappropriate times, headache, Gi upset, anorexia,

slower reaction time, fatigue, and error proneness (Felton, 1971)-

Lanuza

(1976) says desynchronization may lead to fatigue, sleepiness at inappro
priate times, hunger at inappropriate times or anorexia, constipation,
nervousness, tension, decreased mental alertness, and less efficient per

formance in at least the first two days.

Knauth (1976) reported the

results of Rutenfriez's study and quoted him as saying, "It can be de
duced from medical tests on shift workers that shift work is, for persons

specifically disposed, a risk factor for gastro-intestinal diseases."

(Knauth, 1976, p. 135)

Felton reports that Mott has found similar gastro

intestinal upsets (Felton, 1971).

Gorl ick says, "Night workers are likely

to be less efficient than day workers.

They have more work accidents and

suffer more often from digestive troubles, constipation, col itis and even

ulcers." (Gorl ick, 1967, p. 69)

He cites a Danish survey which indicated

that 30 percent of shift workers complain of constipation and/or col itis
as compared with 9 percent of day workers.

Other studies revealed an

ulcer rate two to eight times higher among shift workers as compared to
day workers.

Segal (1970) and Ostberg (1973) agree that dramatic changes in
sleep schedules may result in fatigue accidents and poor health and

performance.

Felton (1976), in her study of 30 nurses who rotated work

shifts, noted after 18 days of observation that there were definite
disturbances when the subjects shifted from day to night duty and back
again.

She says.
When the worker shifts abruptly to new work hours, or when

the traveler moves rapidly across time zones, physiologic time
does not coincide with astronomically determined time. . . .

Adjustment times vary from subject to subject for any given func
tion and from function to function for any given subject; and

some subjects may never be able to adjust. (Felton, 1976, p. 30)
Aschoff (1965) says night workers "generally are not as efficient and suf

fer psychologically and physiologically." (Aschoff, 1965, p. 1^32) But
it must be reinforced that many researchers agree that the adaptation
period will vary from individual to individual when they change to a new

work schedule or cross time zones (Lanuza, 1976; Oswald, 1971; Reinberg,

1975).

Lanuza (1976) agrees with Felton's statement that some indi

viduals never fully adapt to a night shift.

Ostberg (1973) studied 37 computer operators who alternated
shifts.

He found that approximately 20 percent were unable to adapt to

shift work.

Lanuza (1976) reports a study of 9,000 employees which

showed 20 percent unable to adapt to working the night shift, the chief

cause being a lack of sleep.

Luce (1970) says sleep reversal may be

followed by a transition period of up to three weeks during which phys
iological rhythms are out of phase with each other as well as with the

environment.

Dubos (1965) says:

Biological rhythms often persist for a long period of time
in night workers after the shift from day to night work; even
tually they change and come to phase with the new conditions of
l ife. However, the rhythms do not necessarily all come in phase
at the same rate and consequently become dissociated one from the

other. (Dubos, 1965, p. 53)
Lanuza (1976) offers an opposing view as to the importance of the
health complaints attributed to shift work.

She says the widespread be

l ief that shift work causes health disturbances is due to the "subjective
responses to questionnaires in which a higher number of complaints . . .

registered by night workers than day workers." (Lanuza, 1976, p. 589) She
goes on to say that many studies have reported night workers to have less

overall absences than day workers.
similar view.

Felton (1971) says Klietman shares a

The latter says that if one consistently works at night

and sleeps during the day, a new sleep/wake pattern may be achieved and
one will find it progressively easier to be alert at night and to get a
"good night's sleep" in the morning or afternoon.

Many researchers agree that a major problem with adjusting to
working the night shift is that many of the workers remain on a day

schedule on their days off (Aschoff, 1965, 1976; Felton, 1971 ; Hughes,
1976; Knauth, 1976; Lanuza, 1976; Oswald, 1971).

Aschoff comments on

this problem very specifically:
Shift workers live in a conflict situation. Theoretically,
the circadian rhythms of a person who is active at night should

shift 180° but this does not happen because, presumably, social
contacts keep the night worker's rhythms entrained to a day-

active cycle.

As a compromise, rhythmic functions show a re

duced ampl itude and deformation rather than a complete shift.

(Aschoff, 1976, p. 56)
Another reason shift work is unpopular is that it interferes with family

l ife (Lanuza, 1976).

A third problem Involves difficulty with sleep.

Hughes (1976)

conducted a study with a socially isolated community working permanent

8-hour shifts on nights.

Even in a socially isolated group, some of the

"subjects complained of their inability to sleep properly during the

shift period." (Hughes, 1976, p. h^k) Gorl ick (1967) says shift workers
sleep less soundly because they are subjected to noise while trying to
sleep during the day, and many complain that they are too nervous and
restless to sleep deeply.

Their difficulty in sleeping during the day

may, however, go beyond the environmental noise level.

According to

Reinberg (1975) "day-night differences become statistically significant
Cp<.01) during the first week of l ife," and the sleep/wake pattern is set

between the second and third weeks (Reinberg, 1975, p. 133).

Pel ton (1976)

has identified several problem areas reported by RN's in her study of ad

justing to working night shifts.

They are (a) trouble staying asleep,

(b) trouble sleeping because of noise or temperature, (c) fatigue, (d)

difficulty of switching from night to day shift, and (e) need for one
week to adjust bowel habits.

Lanuza (1976) agrees that man l ives in a

day-oriented society, and working nights forces him to cope with changes
in social activity, sleep/wake patterns, and perhaps the amount and qual

ity of sleep.

She says further that Mott has shown that "day sleep after

an individual is accustomed to night sleep is changed both quantitatively

(shortened) and qual itatively (lacks normal REM pattern)." (Lanuza, 1976,
p. 589.)
On a more extreme level , sleep deprivation can lead the subject

to become increasingly irritable, angry, unfocused, and antisocial.

There

seems to be a universal tendency among young adults to obtain seven to

eight hours of sleep.

Hartman (1976) bel ieves this provides some justi

fication for the theory that we "need" seven to eight hours of sleep.
Chirnik and Mendels (1976), in a study of two night workers, found

significant deterioration in the sleep of both subjects, each of whom
averaged somewhat less than five hours of sleep per day.

Sleep disturb

ances included disturbances in REM sleep, number of sleep cycles, and

percentage of actual sleep time to total time in bed.

Both subjects had

a significant increase in wakefulness and an increase in the number of
awakenings after sleep onset.

Sleep deprivation is widespread, according to Ward (1968), who
says that "deprivation of sleep provides great distress to many people."

(Ward, 1968, p. 31)

Hartman (1976) says that "the behavioral effects of

sleep deprivation have been studied very extensively in man, and there are

some definite results in terms of deficits in performance." (Hartman,
1976, p. 42)

These wi ll be discussed in the performance section of this

chapter. "Poor sleepers" are not necessarily the same thing as the sleep

deprived; however, Tanaka (197't) says that "poor sleepers" have been
found through personality tests to have a much higher probabi l ity of
symptomatic complaints.

In some occupations, such as that of a registered nurse, workers
on the night shift are necessary.

However, the night worker is able to

help himself stabil ize If he will stay on the night shift timing even
when he is off.

Adaptation occurs more quickly and smoothly if this is

done (Sstberg, 1373).

Effects of Various Sleep Patterns
on Oral Temperature

The temperature pattern was chosen for use in this study because

it is often used as an indicator of adaptation to night work (Colquhoun,
I97O; Knauth, 1976; McFarland, 1975).

Also, "the temperature rhythm is

endogenous and not determined solely fay rest and activity." (Mills, 197^,

p. 585)

Body temperature exhibits a regular, predictable change about

every 2k hours (circadian), and a seven-day rhythm, a 30-day rhythm, and
a circannual rhythm (yearly) (Reinberg, 1975; Lanuza, 1976).

It has been

noted that higher body temperatures are expected in the spring and summer

than in the autumn and winter (Dubos, 1965).

According to Pflug (1976),

"In bunker experiments, the period of the body temperature is about 25
hours, but under normal day/night conditions the rhythm shows an exact

2A-hour period." (Pflug, 1976, p. 25^)

Mills (197^) did a study where several subjects were isolated.
They had no outside human contact, no indication of time of day, or
whether it was day or night.

He found in all subjects a temperature

rhythm oscillating between a period of 2k to 26 hours which was distinct
from tEieir activity rhythms.

Aschoff (1976) says that VanLoon found in a

study of diurnal body temperature changes in shift workers, that the body
temperature range of night shift workers is only about half that of day

shift workers,

Taub (1976) says it has been shown that oral temperature,

heart rate and blood pressure are lowered by moderate sleep loss.
Many sleep researchers agree that normally body temperature lowers
in the early hours of the morning, rises to a high level before midday,

peaking around 3 to 5 p.m., and falls again in the evening (Colquhoun,

1970; Dement, 1976; Felton, 1971; McCluskey, 197^; McFarland, 1975;

Reinberg, 1975; Oswald, 1971).

Oswald (1976) and Webb (1975) say these
1.

rhythms continue even if we are awake.

Some say temperature is highest

in the evening and lowest in the morning at the end of sleep (Aschoff,
1976; Christie, 1977; Folkard, 1975).

Kleitman (1963) says working at

night and sleeping during the day requires working during that part of

the 24-hour rhythm when one's temperature is the lowest and sleepiness
is the greatest.

Knauth (1976) reports that some researchers have found an inver
sion of body temperature when one switches from a day schedule to a night

schedule.

Luce (1970) reports a study of six volunteers who were brought

into an Army hospital and whose schedules were reversed for 10 days and

then turned back to their normal day routine.
adapting to the night schedule.

their temperature rhythms.

Many of the men had trouble

Three of four men were unable to reverse

Knauth (1976) studied four subjects who

worked continuous nights for three weeks.

Previous to this, they had

worked day shift for four days, and fol lowing the three weeks, they had
four days of recovery without work. Two other subjects worked rapidly

rotating shifts (one day on nights, the next on days, the third on nights,

and the fourth a free day).

Two different subjects worked two days on

days, two days on nights, two days on days, and the following two days
off.

In the first group of continuous nights, there was partial adapta

tion, but not a complete inversion.

In the second and third groups, the

rotating shifts, there was no adaptation, the smallest change occurring

in those rotating daily.

Oswald (1971) says one needs at least a week to

adapt, but not everyone adapts that soon. According to Felton (1971),
many researchers find it takes two days to two weeks for body temperature
to adjust to a new schedule.

She says Teleky found that night workers in

some industries never successfully adjusted their body temperature cycles.
She says further that researchers have found night nurses whose tempera
ture rhythms were lowest during their work hours for five to six weeks
after they went to night duty, thus retaining their original temperature
rhythms,

Felton CI976) found in her study of 39 nurses who rotated shifts

for 18 days that it took over 10 days after this for everything to return

to its original phase.

Conroy (1972) agrees with this by saying, "If a

nurse goes on night duty, although her pulse rhythm will adjust almost
immediately, it may be days or even weeks before her body temperature

rhythm becomes fully adapted." (Conroy, 1972, p. 371) Hughes (1976) did
not find complete adaptation of the 24-hour circadian temperature rhythm

after 10 days in subjects who were isolated and worked permanent 8-hour
shifts.
rapidly.

Folkard (1976) reports a study in which subjects rotated shifts
There was "no obvious change in the normal circadian rhythm in

temperature over the two-week period studied." (Folkard, 1976, p. 480)
McFarland (1975), writing of jet lag, says that readptation of body tem

perature takes about 7 to 10 days. Dubos (1965) found it took three to
four days.

In a study done by Monk (1976) on temperature relating to changes
to and from dayl ight-saving time, he found the one-hour change caused

marked fluctuations in temperature over a 17~day period. Trumbull (1966)
reports on a study Kleitman did with subjects who worked four hours and

were off eight hours.

They never had synchronization with normal tempera

ture periodicity.

Frbberg (1977) studied 24-hour patterns with 72-hour

sleep deprivation.

He found that oral temperature kept its original 24-

hour pattern.

Many researchers report that temperature and performance are

directly related.(Akerstedt, 1976; Christie, 1977; Colquhoun, 1970; Folkard, 1975, 1976; Frbberg, 1975, 1976; Lanuza, 1976; Mullin, 1977; Oswald,

1971).

Mullin (1977) says, "Changes in performance have been shown to

closely follow circadian body temperature both in waking-day studies . . .
and in studies of varied work-rest schedules." (Mul1 in and Corcoran, 1970,

p. 193) Colquhoun (1970) says the Applied Psychology Unit at Cambridge
has demonstrated that "efficiency at mental tasks which measures alertness

or concentration tends to follow the temperature rhythm relatively closely,
even when the latter alters as a result of working at unusual times at

night." CColquhoun, 1970, p. 266) There is strong evidence of a "circa
dian covariation," according to Akerstedt (1976), between body temperature,
subjective alertness and performance, even to the extent that temperature
has "been used as an indicator of subjective and behavioral arousal."

(Akerstedt, 1976, p. 278) Christie and McBrearty (1977) report that
Kleitman bel ieves that because performance increases with temperature,
performance is an index of the temperature at the cerebral cortex.

Mills (1974) points out that temperature can be influenced by
sleep, posture, exercise and meals.

Taub (1976) has done several studies

on performance and temperature related to different lengths of sleep.

He

says with regard to sleep that sleep deprivation is conceptual ized by some
as being a stress and has been shown to diminish normal circadian variation

In oral temperature and arousal.

Christie (1977) found temperature can

be affected by sex (disregarding ovulation, which was accounted for) and
personal i ty.

Some researchers have commented on morning and evening differences

of body temperature and efficiency curves.
patterns with 72-hour sleep deprivation.

Froberg (1977) studied 2^-hour
He studied performance, alert

ness, oral temperature and adrenal ine ej<cretion.

No difference was found

between habitually morning-active subjects and a group of evening-active
subjects.

He reports, however, that Kleitman has shown differences between

morning and evening body temperature and efficiency curves in that the
curves peak at different times.

He reports further that some studies have

found morning-active people have lower temperatures when going to bed and
higher when getting up.

Some studying shift workers find that evening

people have temperature peaks later than the average and greater physical
fitness than morning people who work nights.

they worked mornings.

The reverse occurred when

Ostberg (1973) found that a high proportion of

workers transferring to non-shift work for medical reasons were the

"early-to-bed, early-to-rise" type.

Folkard (1976) said that when sub

jects rotated shifts, both performance and temperature were relatively

high during the day, especially in the afternoon and early evening, and
relatively low during the night and early morning.

Lanuza (1976) and Luce (1970) are quick to point out that it is
not surprising that a person's favorite time of day is also the time of
peak temperature.

Luce adds that this usually occurs in the afternoon

and evening for a person who is active by day and sleeps by night.

Pflug

(1976) conducted a study on a depressed female patient who had three

depression episodes with two intervals between when she had no complaints.
Her temperature was taken every three hours.

higher on depressive days.

The average temperature was

During depression, her temperature maximum

was earl ier in the day, and she often had double peaks, but on "healthy
days" she had a single temperature maximum.
Temperature varies from individual to individual.

But as shown

in this section, it can be used very effectively as an indicator of adap
tation to the shift one works.

Effects of Various Sleep Patterns
on Performance

Circadian rhythms are known by most sleep researchers to affect

man's efficiency and performance in a number of tasks (Akerstedt, 1976;
Conroy, 1972; Froberg, 1975; Hughes, 1976; Trumbull, 1966).

A number of

different tests are used to measure performance, including tests to
assess serial reaction, vigi lance, card sorting, letter cancellation,

and arithmetic calculation (Mull in, 1977).

Hughes (1976) says perform

ance of simple tasks with l ittle rel iance on short-term memory shows a

rise throughout the day until around 8 p.m.

However, efficiency in more

complex tasks (heavier on short-term memory) reaches a maximum earl ier
in the day.

Folkard (1975) says the tasks he used in his study on per

formance used l ittle if any memory load, but rather they involved "per
formance stress," requiring sustained attention and timing the tasks for

speed.

Trumbull (1966) used visual targets and the learning of complex

mental tasks as tests.

Akerstedt (1976) summarizes these different tasks

by saying that circadian variation has been demonstrated clearly for

subjective alertness and for performance involving "perceptual psycho-

motor and higher cognitive processes." (Akerstedt, 1976, p. 278)

It is interesting to note Mullin (1977) reports that efficiency
does not continue to improve as the arousal level increases.
does improve up to a point, but then it starts declining.

Efficiency

Many researchers

report that performance significantly improves from morning to evening

(Mul lin, 1977; Folkard, 1975; Frdberg, 1975, 1977; Morgan, 197^; Folkard,
1976; Dement, 1976; Kleitman, 1963; Herbert, 1976).

Folkard (1975) found

that speed on certain tests improved until 2 p.m. and then dropped off.
Accuracy decreased fairly linearly throughout the day:

the more diffi

cult the task, the earl ier in the day the performance level peaked.

Herbert (1976) conducted a study comparing alertness in the morning with
that of the evening.

He found lower levels of alertness in the morning

just after awakening than just before "lights out" the previous night.

Benson (1975) studied the retention of nonsense syllables in two groups:
(a) those with initial learning in the morning and (b) those with
initial learning in the evening right before retiring.

He found reten

tion to be superior in the night group after eight hours had passed and
after Zk hours had passed.

Trumbull (1966) reports, however, that Aschoff found reaction
time to be greatest in the early morning hours and lowest in the after

noon.

Folkard (1976) found in another study that performance improved

over the day except that of short-term memory tasks.

Frbberg (1977)

found morning people performed at the same level at all times, but even
ing people had a steady decl ine in reaction time, performing best in the
even 1ng,

Some researchers have found efficiency is affected post-prandi

al ly.

Christie and McBrearty (1977) and Lanuza (1976) say efficiency

decreases during one to two hours after lunch, but is not accompanied by

a drop in temperature.

Froberg (1977) studied females after 72 hours of

sleep deprivation and found no post-lunch dip.

There are, of course,

individual differences in all aspects of performance rating (Froberg,
1977; Lanuza, 1976).
Many studies have been and are being done on performance as it

relates to decreased levels of sleep and even sleep deprivation.

Kleit-

man (1963) says Rowe found no relation between the length of his sleep
and the amount of daily work he performed.

But he says Viaud reports

his "afternoon performance improved almost linearly with the length of
sleep" from one to six hours of sleep.

Beyond six hours of sleep, "im

provement was less marked, and it was completely absent when sleep was

lengthened from 8 to 10 hours." (Kleitman, 1963, p. 315)

Mul l in (1977)

views sleep deprivation and performance as follows:
Assuming that sleep deprivation produces a deterioration in
performance due to a lowered state of arousal it might be pro
posed that the circadian rhythm represents simple variations in
sleepiness or arousal level. Existing evidence favours such a
proposal since those tasks which are sensitive to changes in time

of testing are also vulnerable to loss of sleep.
p. 193)

(Mull in, 1977,

Froberg (1975) says, "Some studies of circadian performance rhythms dur
ing sleep deprivation" show that the cycle is more pronounced during

deprivation than under normal sleep conditions (Froberg, 1975, p. 176).
He found in one study that performance levels decreased over three days
of sleep deprivation.

Taub (1973) believes deficits in performance produced by sleep
deprivation and extension are due to disruption of an established cir-

cadian sleep-wakefulness rhythm.

Elkin (197^) did a study of 20 subjects

who were sleep deprived and 20 subjects who were not.

performance on a "probe recognition memory task."

He tested their

The results showed

that the sleep-deprived subjects made significantly more errors in the

percept ion of the material and retained less adequately than those in the
non-deprived group.

He concluded that sleep loss causes a deficit in

attention which in turn leads to misperception.

He says further that

sleep loss is known to impair performance on a wide variety of responses

such as vigilance, speed of addition, and reaction time.

Hartman (1976)

believes that in a sleep-deprived subject, performance requiring focused
attention is impaired.

He says deprivation decreases the speed of per

formance on subject-paced tasks and increases errors on experimenterpaced tasks.

Lubin (1976) did a study involving 40 male naval volunteers who
were sleep deprived for 40 hours.

Ten of these exercised, 20 were on

bedrest, and 10 napped for 3-7 hours.

The exercise group had the lowest

performance scores, but the bedrest group showed significant impairment

also.

The nap group had no impairment on six of the eight tests given.

Taub and Berger (1973, 1974, 1976) are well known for their studies on
performance and sleep deprivation and extension.

in one such study

(1973), they reported the relative effects of extended sleep, sleep
deprivation, and shifts of accustomed sleep time.

Accuracy and speed

on vigilance tests were significantly poorer after sleep shifts and

altered sleep duration.

They found also that a three-hour advance or

delay of an habitual eight-hour period has generally similar effects on

performance.

In Monk's (1976) study of dayl ight-saving time, he found

even with one hour gained

there were some disruptive effects stil l

statistically significant on the fifth day.

Subjective alertness scores

positively correlated with the length of time awake (p<.01).

The sub

jects perceived themselves slightly more alert after they gained one
hour.

There was also evidence of increased auto accidents the week fol

lowing the switch to daylight-saving time.

Morgan (197^) studied 10 subjects working kB continuous hours.
Performance was noted to be affected first approximately 18 hours later,
when the scores dropped to 82 percent of the basel ine scores during the

first night (early morning hours),

it improved to 90 percent during the

daytime on the second day and decreased to 67 percent during the second
night.

it recovered to the baseline level after a 24-hour period of rest

and recovery.

Trumbull (1966) found that after one night of sleep loss,

detection of visual targets markedly deteriorates.

He says also that

"it has been suggested that sleep loss brings much the same deterioration
in performance and personal ity as do alcohol and oxygen want." (Trumbull,

1966, p. 394)

Taub and Berger (1974) conducted a second study in performance
one year later with 10 subjects who normally slept from midnight to 8

a.m.

Tests were conducted on these subjects following their normal sleep

pattern and after they changed their sleep schedule to 8 p.m. to 4 a.m.;
10 p.m. to 6 a.m.; 2 to 10 a.m.; and 4 a.m. to 12 noon.

After the shifted

sleep, performance was significantly impaired.

Accuracy on vigilance

tasks was significantly decreased the afternoon following the shifted
sleep.

They found "optimal sleep length falls within narrow l imits with

lowered efficiency resulting from sleep in excess of the usual amount

and from partial sleep loss." (Taub and Berger, 197^, P- 164) There
were deficits in performance after two-to four-hour displacements of

sleep (unidirectional) within 2k hours of the time when the amount of
sleep remained constant. They correlated these findings with those of
people who do shift work.

Shift work has been shown to affect performance. Oswald (1971)

if people change to shift work from a normal day-work routine
then, even if they get a normal number of hours in bed, and a
normal number of hours sleep, they cannot at once switch their

involuntary, internal clocks to a new schedule, and consequently
such people are liable to lessened efficiency in their new work
ing hours. If they sleep poorly, as many do, they are even less
efficient. (Oswald, 1971, p. 1207)
Felton (1971) reports that Mills, Hauty, and Adams found that work per
formance deteriorates and there is work fatigue when a person changes his

working hours (Felton, 1971, p. 762). Gorlick (1967) says that "when a
worker's health suffers or he misses his sleep, his work performance

suffers, too." (Gorlick, 1967, p. 71) She says also that a study of
teleprinter switchboard operators showed their performance was lower at
night and more erratic.

Another study showed that gas meter readers

consistently made more errors at night.

McFarland (1975) notes that many researchers concur that main

tenance of normal sleep patterns is essential to efficient performance.

Lanuza (1976) says that when the effects of shift work on performance
were studied, peak performance errors and delays occurred at night when

body temperature was minimal.

Kales (1969) says:

A number of performance studies have been conducted during
the waking period. The results generally show an initial per
formance decrement and a persistence of the underlying physio
logical rhythms, but there is a gradual modificat ion of the
rhythm to the new schedule if it is maintained over a signifi
cant period of time. We do not know, however, whether the
performance decrements are related to sleep disturbances, or
whether sleep disturbances are evoked by attempts to sleep
during "off" conditions of varied physiological functions.

(Kales, 1969, pp. 59-60)

Kleitman (1963) says working during the night without adjusting the 24hour rhythm can result in an increased number of errors and accidents.

Bunning (1973) says in regard to disturbed phase relation that if it
lasts for only a short time it will result in a generally decreased work

ing capacity.

Oswald (1976) says that in the early morning hours, even

when we are awake, metabol ism runs slower and "we become less clear in

our judgment." (Oswald, 1976, p. 70)

Folkard (1976) studied subjects who rapidly rotated shifts (two
days on days, two days on nights).

Three versions of new performance

tests, each with a different memory load, were administered four times

each shift.

All the tests were poor at night.

Taub and Berger (1976)

did a third study in 1976 on 10 male university students who usually
slept 9-5 to 10.5 hours.

Some kept the same sleep schedule while some

lengthened, reduced, delayed, or advanced it by three hours.

After the

three-hour altered conditions, there was a decl ine in vigilance perform

ance.

They concluded once again that acute disruption in the 24-hour

sleep/wake cycle produces degradation in human performance independent
of total sleep time.

When one is changing working schedules, it takes a while before

readaptation can occur with performance.

Hughes (1976) did not find

complete adaptation of 24-hour circadian rhythm in performance after 10
days.

He says recent work has shown that even after 12 successive night

shifts (a greater number than are usually worked between rest days,
during which the shift worker typically reverts to a "day time" routine)
performance does not completely adapt to night work.

Readaptation to the

normal routine of the day schedule on rest days is very rapid.
within two or three days.

It occurs

Klein has been quoted as saying that he found

readaptation to take a week or more.

He says this argues for staying on

one shift so the various body rhythms may shift properly (McCluskey,
1974; Taub and Berger, 1973, 1974).
Kramer (1976) states that "mood has been found to be related to

an individual's performance on psychomotor tasks." (Kramer, 1976, p. I6l)
In the next section, mood will be discussed more in depth as it relates
to sleep.

Effects of Various Sleep Patterns
on Mood

According to Aschoff (1976) and Lanuza (1976), it has been known
for a long time that mood has a circadian rhythm.

Kramer (1976) says,

"It is our view that the change in various aspects of mood from night to
morning is differentially related to the physiology and psychology of
sleep. . . .

It is our hypothesis that sleep subserves a mood-regulating

function." (Kramer, 1976, p. I6i) Kramer and his associates did a study
to establish the nature and level of the sleep physiology-mood relation

ship.

The results showed that there is a significant relationship between

the physiology of sleep and mood.

They bel ieve they showed that certain

stages of sleep do, to a significant degree, regulate mood.

Sleep deprivation has been known to cause great distress in many

people (Ward, 1968, p. 31).

According to Trumbull (1966), after one

night of sleep loss "choice behavior demands more time and exhibits more

error."

He says also that "sleep loss brings much the same deterioration

in . . . personal ity as do alcohol and oxygen want." (Trumbull, 1966, p.

39^) Sleep deprivation can lead to desynchronization of circadian
rhythms, which Felton (1976) says can lead to psychomotor inefficiency
and can exaggerate feel ings of malaise and irritability already present
due to sleep loss.
Sleep deprivation and mood have been studied in relation to

depressed patients.

Post (1976) says one night's sleep loss tends to

improve the mood of endogenously-depressed patients, but not in nonendogenous depression or normal controls.
in psychiatric illness

According to Stonehill (1976),

"insomnia has usually been regarded as being

most evident in disorders of mood." (Stonehill, 1976, p. 381)

In his

study he found these patients to be angry, a state which seemed to be

associated with the greatest amount of sleep disturbances.

Tense pa

tients went to bed late, but did not complain about the qual ity of
sleep.

Anxious patients tended to go to bed "earl ier but had a con

siderable delay in sleep onset and broken sleep."

Endogenously-depressed

and sad patients slept early In the night and awoke early (Stonehill,
1976. p. 390).

Friedman (1977) did a five-week study of four males and four
females during which he first obtained a basel ine.

Then sleep was

gradually decreased to see if the results of other researchers on sleep

deprivation were due to sudden changes in amount of sleep.

Sleep was

decreased by 30 minutes every two weeks unti l total sleep time reached

6.5 hours (from 8 hours). Then it was reduced 30 minutes every three
weeks until sleep time was five hours.

Then the subjects decreased

their sleep by 30 minutes for four weeks.

Friedman used the Profile of

Mood States (POMS) test to identify fluctuating affective states.

Sub

jects verbally complained that the shortened hours (between 6 and 6.5

hours of sleep) of sleep affected them in significant ways:

they took

less time to fall asleep, but they were less rested, felt the need for
more sleep, and felt more sleepy during waking hours.

One year after

the end of the study, all the subjects still got between one and two-and-

a-half hours less sleep per night than before the study, but measures of
well being had returned to normal.

It should be noted that Tanaka (1975)

bel ieves people usually over-estimate the time it takes to fall asleep

and the total sleep time to be shorter than the actual recorded sleep.

Three of Taub and Berger's studies (1973, 197^, 1976) have con
cluded that any alteration in establ ished sleep pattern, even an increase
in the normal amount of sleep, is deleterious to mood.

Lubin (1976)

found mood significantly impaired in subjects who were sleep deprived
and took exercise and those on bedrest.

Lanuza (1976) says subjects who

adapt well to shift work have been found to have less psychomotor tension
and greater social adaptability as well as a more positive attitude than
do those who find it difficult to adapt.

Effects of Various Shift Patterns on

Urine Electrolytes

Urine electrolytes, more specifically potassium and sodium, are
not uncotmionly used as indicators of shift adaptation and in the study

of other areas of circadian rhythms.

According to Luce (1970), "the

circadian rhythm of potassium excretion in urine is particularly easy to

detect and study because of its high amplitude." (Luce, 1970, p. A6) He
says that it has proved useful as a reference rhythm along with that of

body temperature.

Mills (197^) says also that urinary potassium usually

follows temperature.

Sodium, he says, follows the curves of activity and

of temperature or urinary potassium.

Reinberg (1975) reports a study of temperature and potassium ex
cretion of one male and one female who lived in a cave for three to four

months.

Their circadian rhythm persisted without synchronizers.

peaks of each occurred at Zh.S hours.

The

Conroy (1972) says that when sub

jects try adjusting their rhythms to 22 or 27 hours rather than 2k hours,
some variables adapt fairly readi ly to the new schedule; sodium and

chloride adapt less readily, and potassium remains fixed closely on 2k
hours.

Aschoff (1976) found similar results.

In free-running subjects,

he found urine output remained on a 25"hour rhythm.
ments on the circadian rhythm of urine flow:

Mills (197^) com

Since the volume of urine is known to be determined by many
influences which may themselves vary circadianly (Mills, 1966),
we have not paid much attention to analyzing the rhythm of urine

flow, which was usually similar to that of sodium and chloride.

(Mills, 1974, p. 577)
Oswald (1971) says constituents in the urine, "such as potassium,
normally vary systematically in concentration during the 24 hours."

(Oswald, 1971 , p. 1208)

McCluskey (1970) and Luce (1970) say potassium

and sodium usually peak mid-day.

Simenhoff (1974) has done studies on

the influence of photic input on urinary rhythms.

He says urinary sodium

and chloride reach a minimum value around five hours after onset of sleep.
They reach a maximum level about five hours after awakening, and this is
maintained for about six to eight hours.
early part of sleep.

It begins declining at the

He says that potassium is at its lowest level hours

before awakening and rises more rapidly than sodium or chloride.
maximum level lasts for a shorter period of time.

Its

According to a bio

chemistry textbook, "urinary excretion of potassium varies greatly with
the potassium intake, but commonly-observed levels of persons on an

average diet are 25-120 mmol/day with a mean of 40 mmol/day." (Fundamentals of Cl inical Chemistry, 1976, p. 877)

There is varied opinion

on sodium urinary excretion due to the dietary intake of sodium.

vary from 40-90 mmol/d to 45 to 217 mmol/d and even 27-287 mmol/d.

Values

"The

rate of sodium excretion during the night is only one fifth of the peak

rate during the day, indicating a large diurnal variation." (Fundamentals

of Clinical Chemistry, 1976, p. 875)
Several methods can be used to measure urinary sodium and potas

sium.

One modern, easy, and inexpensive method uses a flame photometer.

said to be capable of an accuracy of at least plus or minus 0.2 mmol/

liter (Fundamentals of Cl inical Chemistry, 1976).
Some believe that the light-dark cycle has influence on potassium

and sodium excretion.

McFarland (1975) says, "it has been experimentally

demonstrated that if the l ight-dark cycle has been shifted by several

hours, the circadian rhythm of urinary potassium excretion persists in
its original phase for several days before adjusting to the new environ

mental time." (McFarland, 1975, p. 28) Simenhoff (197^) compared the
excretion of sodium, chloride, and potassium in bl ind subjects with that

of normal subjects.

Partially blind subjects with light-dark perception

had normal levels and peaks.

Totally blind subjects had low amplitude

potassium cycles, and sometimes the cycle was absent.
was shifted 12 hours.

The sodium cycle

The chloride was shifted less regularly.

The dif

ference between these two groups suggests the importance of photic input
as distinct from sleep-wakefulness, or even an activity cycle, as a
significant regulator.

in the case of changing schedules or shift work, urinary electro

lytes also take time to readapt.

McCluskey (1970) says that when sleep

time is changed from night to day, it takes from one to five days for

the potassium excretion cycle to shift.

Oswald (1971) says it takes

several weeks for urinary constituents, such as potassium, to adjust to
a new time schedule.

He states that recent studies have shown the actual

volume of urine excreted to be greater during day sleep than during nor

mal accustomed night sleep.

Dubos (1975) says the rhythms of sodium and

potassium excretion exhibit original patterns for approximately nine
days before adjustment to a new schedule.

Luce (1970) reports of a study involving six volunteers who re
versed their sleep-wake pattern for 10 days.

Two of the subjects showed

a reversal of their sodium excretion rhythm, a third reversed after 10
days, and one never did adapt.

All the subjects returned to their usual

cycles of urinary electrolyte excretion within 11 hours after resuming

their usual schedules.

Pel ton (1976) found that when subjects reversed

their sleep-wake schedules, potassium moved towards the night activity,
potassium advanced three hours, and sodium advanced about six hours.

Luce

(1970) reports that the peak and trough of the urinary electrolyte cycle
shifts in phase when a person changes his schedule of sleep and activity.

Summarv

It is obvious that some researchers favor "permanent" shift

systems whereas others favor "rapidly rotating ones." (Hughes, 1976)
However, many researchers of shift work in nursing are convinced that
shift work and rotating shifts "are relevant to the health of nurses and

their quality of practice and work performance." (Felton, 1971. P- 762)
Gorl ick (1967) says that if an R.N. finds she cannot function effectively
on the night shift, she may be suffering from confused body rhythm pat

terns.

Lanuza (1976) says studies of circadian rhythms of mood and

mental and physical performance aid in enhancing "one's understanding

of ourselves and our patients." (Lanuza, 1976, p. 592) She adds that if
it is necessary to work at a time at odds with one's performance rhythms.
one should be alerted to the need for increased effort and concentration.

Chapter 3

METHODOLOGY

This study was conducted to discover what effects various pat
terns of work shifts might have on temperature, mood, and performance and
on sodium and potassium levels in urine.

The subjects were divided into

the three conventional shift patterns (a.m., p.m., night) and a fourth

group of part-time night (independent variables).
was tested for sodium and potassium levels.

Only the fourth group

The dependent variables

studied were mathematical tasks (performance), mood, temperature, and,
in the two night groups, urinary sodium and potassium levels.

This

chapter describes the method in which the study was designed and con
ducted by the researcher.

Setting of the StudN

The research was conducted in a 5^6-bed hospital in San Bernardino
County, Cal ifornia, which employs over 1300 registered nurses.
ing staff is divided into four modules:
units; and Intensive Care units.

The nurs

OB/GYN; Medical units; Surgical

Originally it was intended to include

no subjects from the Intensive Care units.

However, as will be explained

later, a few exceptions were made.

Selection of Subjects

A purposive convenience sample was obtained in al l four groups.

Originally there were to be 10 subjects in each group.

However, it was

not possible to find 10 subjects to meet the criteria for inclusion in

the p.m. group (Group I I), in the ful l-time night-shift workers group
(Group I I I), or in the part-time night-shift workers (Group IV).

Thir

teen were found who met the criteria for Group I ; however, only 1 1 of
these consented to participate.

Sample Criteria and Rationale

The criteria and rationale for the selection of each of the

sample criteria is explained below.
l iterature.

Some have substantiation from the

Others are based on observations of the researcher.

It was felt that it would be more rel iable to have all subjects
of the same sex because of the possible difference hormonal influence

might have on mood and temperature.

Also, Christie and McBreaty (1977)

found temperature can be affected by sex, disregarding ovulation.

Since

there are more female registered nurses than male, the subjects were all
females.

The l imitation of age from 20 to 40 years was considered reason

able because beyond 40 years the possibi l ity of menopause increases.
This could cause some hormonal changes.

Also, very few registered nurses

are under the age of 20, and those who are, are in the "teenage" years, a
more unpredictable and unstable period.

Pregnancy Free

The subjects were required to be pregnancy free since there are

definite changes in temperature, and possible changes in mood and urine
electrolytes in pregnancy.

Therefore, if nurses even expressed the possi

bil ity that they were pregnant, they were el iminated from the study.

Shift Adjustment

The study was conducted primarily to compare the three different

shifts (a.m.'s, p.m.'s, and nights), and to compare the full-time nightshift workers with the part-time night-shift workers.

The researcher

hypothesized that part-time night-shift workers might have test results

similar to those of subjects who rotate shifts (see Chapter 2).

It was

already known that adjustment takes approximately ten days or more on

the night shift (Oswald, 1971; Felton, 1971 , 1976; Hughes, 1976; Folkard,
1976; Conroy, 1972; McFarland, 1975; Monk, 1976).

Non-1ntensive Care Setting

Subjects were not chosen from intensive care units because it was

feared working in an ICU area might add stress which could affect any or
al l of the parameters being measured.

However, two of the subjects

worked occasionally in the intensive care unit, but they were asked to

refrain from working in the ICU section of their units during the time
of data col lection, which they did.

Free From Infection

Subjects who reported medical problems of any type, particularly
infectious i llnesses, were el iminated because of the effects on the

physiological testing (temperature and/or urine electrolytes).

If the

subjects did not report an illness, but had an increase in temperature

over 100°F, they were removed from the study.

Any person with extreme

readings in temperature or urinary sodium or potassium levels was
el iminated.

Psychiatric Disorders

Since the subjects were required to take a mood test daily during
the course of data collection on days that they worked, it was essential
that they be able to complete these in a reliable manner.

The POMS test

measures such things as anxiety, tension, vigor, and depression.

Measure

ments of subjects with psychiatric disorders would have been unrel iable
and not val idly comparable with those of the other subjects.

Therefore,

anyone currently under the care of a psychiatrist was not selected for
the study.

Use of Alcohol or Drugs

The researcher felt that alcohol or other drugs could influence
the subjects' responses on the POMS test as well as the outcome on the
performance exams.

Therefore, only subjects who denied frequent use of

alcohol or drugs were included in the study.

Supervisory Positions

For purposes of comparison, the subjects were all staff nurses.
The researcher bel ieved that a supervisor could have added stresses that

a staff nurse would not have, a factor which could cause unreliable re

sults in all the parameters being measured.
had similar responsibil ities.

Thus, al l the subjects tested

Instrumentation

Four different tools were used in this study.

Temperature read

ings, scores for a mood test (POMS) and a mathematical test were collected
from all the participants.

Urine specimens were collected from the full-

time and part-time night-shift workers and analyzed for sodium and
potassium content.

Temperature

Oral temperature was to be taken by al 1 the subjects every three

hours while they were awake.

McCluskey (197^) recommends taking the

temperature at least four, or even better, six times daily.

He suggests

taking it upon arising, before each meal , before going to bed, at mid-

morning and at mid-afternoon.

Pel ton (1976) in a related study collected

her data every three hours whi le subjects were awake also.

An oral

thermometer was provided for the exclusive use of each subject, who was
to use the same one.

Profile of Mood States Test

The Profile of Mood States (POMS) test used at the time of data
collection is a 65-point adjective check list used to study the subjective
data of feel ings, affect, and mood, and how these fluctuate.

There are

five "intensity modifiers" which the subject was instructed to mark for
how she felt "right now."

They were "not at all ," "a 1 i ttle," "moderately,"

"quite a bit," and "extremely."

For scoring purposes, the modifiers were

assigned numbers of 0, 1 , 2, 3, and k.

The test measures six mood states,

namely, Tension-Anxiety; Depression-Dejection; Anger-Hostil ity; Vigor-

Activity; Fatigue-Inertia; and Confusion-Bewi1derment (see Appendix F).
Both rel iabil ity and val idity have been determined for the POMS test.

It has also been used to study mood in other sleep studies (Friedman,

and Others, 1977).

For complete information on the reliability and

val idity of the POMS test, the POMS Manual may be consulted (McNair, 1971)

Mathematical Tests

At the beginning of each shift worked, al l the participants in
the study were issued a different mathematical examination.

The arrange

ment of numbers was previously discussed in Chapter 1 (also see Appendix
F).

Arithmetic calculation has been found to be a valid and rel iable

method of measuring performance (Mul l in, 1977).

Urinary Sodium and Potassium

The two night-shift groups (ful l- and part-time) were to collect
their urine every three hours while awake at the same time they took their

temperature:

3, 6, 9» and 12 o'clock.

cipants do the same.
because of expense.

Felton (1976) had her study parti

The urine studies were l imited to these two groups
The val idity of tests for urinary sodium and potas

sium levels is thoroughly discussed in Chapter 2 under the appropriate
sect ion.

Method of Obtaining Consent

The written proposal for this study was submitted for approval to

the Nursing Ethics in Student Research Committee, which approved the pro
posal as submitted in May 1978.

A letter was then sent to the director

of nurses at the participating hospital requesting a letter giving per
mission to carry on the research.

Verbal consent was given by each

module director and the unit head nurses after a written explanation
about the study had been given to them.

Informed consent was also obtained from each nurse participant
prior to including them in the study.

The subjects were approached by

the researcher with a verbal introductory statement and explanation that
a graduate nursing student was conducting a study in which they were

asked to participate.

pant.
D.

Confidential ity was guaranteed for each partici

The consent form with the explanation to the nurse is in Appendix

The signed consent forms have been placed in a sealed envelope and

locked in a file drawer in the official file of the Ethics Committee.

Collection of the Data

Names of possible research participants were obtained from the
staffing schedules that coincided with time of this study from the
employees responsible for the staffing schedules for each module (OB-GYN;
Medical units; Surgical units; and Intensive Care units).

One week be

fore data collection began, the researcher visited the nurses meeting the

obvious criteria for selection.

Each was given an oral explanation of

the research procedure and invited to partiqipate.

If verbal consent was

obtained, the subject was asked to read the written explanation and to
sign the consent form if she met the criteria.

The subjects were selected only if they had at least three unin

terrupted working days, a day or two off, and at least one other day on

again, preferably two, to see the effect of a day off on the criteria
being studied and to compare day one back to work, day two, day three,
etc.

They could work no "double" shifts during the study period or work

a different shift from usual.

The data were collected over a two-and-a-half-week period.

At

the beginning of each shift, the researcher gave the POMS and math tests

(timed for four minutes) to the subjects.

They were asked to mark the

POMS test according to how they were feel ing "right now."

All the parti

cipants were to take their temperatures every three hours while awake at

3, 6, 9, and 12 o'clock around the clock on research days as well as on
days off.

They were instructed to use only the thermometer provided and

to record their temperature on a "Basal Temperature Chart" provided (see
Appendix F).
In Groups I I I and IV, the full-time and part-time night shifts, the
subjects were asked to collect their urine every three hours while awake

at the same time they took their temperatures:

3> 6, 9> and 12 o'clock.

Plastic containers were provided for them which already held Toluene as a

preservative agent for the urine.
would be out longer than 2^ hours.

The urine was to be refrigerated if it
Labels were provided which carried

their identification number or name, the date, and the collection time.

The researcher picked up the urine samples every day at the beginning of
each shi ft.

Between uses, each container was washed with Labtone, a lab soap,
and rinsed three times with distilled or deionized water.

were al lowed to air dry, and then 2cc of Toluene was added.

The containers

Each entire

urinary voiding was to be kept in a separate container.

Each specimen

was measured and the exact number of cc's voided was recorded and placed
on the label.

A smal l [3ortion of the specimen was then placed in a col

lection tube, labeled, and placed in a laboratory freezer for later
analys i s.

Each urine specimen was analyzed three times for both sodium and

potassium with a flame photometer, which was allowed to warm up while
aspirating l ithium diluent for several minutes before any specimens were
run.

It was then zeroed with lithium diluent and cal ibrated with lOONa/

lOOK Standard, used for urinary samples.

before any specimens were run.

This was repeated two more times

Between specimens, the photometer was re-

cal ibrated.

The l ithium diluent was at a concentration of 15 mEq Li/liter.

Both the Standard (lOONa/lOOK) and the sample were diluted with lithium
diluent.

The standard was diluted 200 times.

as follows:

Each specimen was diluted

.5fnl of sample (urine); 1ml of l ithium stock (undi 1 uted--1500

mEq/L); and 98.5ml of distilled water to make a total of 100ml's.

The

specimens were allowed to thaw totally before analysis.
According to a biochemistry textbook, a "modern, well-designed

flame photometer in a routine laboratory is capable of an accuracy of at

least ± 0.2 mmol/L." (Fundamentals of Clinical Chemistry, 1976, pp. 877).
It adds that l ithium is generally used as an international standard.

Assumptions and Limitations

The assumptions for this study remained as they are l isted in

Chapter 1.

The l imitations for this study are l isted on page 7.

Additional l imitations, recognized after data collection, are as follows:
1.

The sample size was smal l, and data were col lected over a

period of two-and-a-ha1f weeks so as to avoid seasonal or even monthly
changes.

2.

of testing.

The total environment could not be controlled during the time

Also, the amount of time used for taking the POMS test was

not controlled.
3.

Some subjects had more interruptions than others.

Only a subjective test for mood was used.

No objective data

for measuring this variable were available.

k.

Although the math tests were changed each time a subject took

them, they may have obtained access to the answers in some way and used
these rather than their own.

5.

The sampl ing method allows no way to measure bias as an in

fluence on selection, although it does allow for it unconsciously.

Summa r\

The research methodology and design are discussed in Chapter 3.

Included in this chapter also were some of the limitations of the study.
The actual results and findings as well as the statistical analysis are

reported in the fol lowing chapter.

Chapter k

PRESENTATION OF RESEARCH DATA

The data obtained from this study have been organized into several

divisions for ease in presentation.

Demographic and biographic informa

tion obtained from the subjects is presented first, fol lowed by the re

search findings.
tested.

Findings have been reported fol lowing each hypothesis

Data have been presented in descriptive, tabular, and graphic

Research Study Findings

The 26 nurse participants were divided into four groups:

Group I

— full-time a.m. shift (7 a.m. to 3 p.m.); Group i l--ful1-time p.m. shift

workers (3 p.m. to 11 p.m.); Group Ml — full-time night shift (11 p.m. to
7 a.m.); and Group IV—part-time night shift (11 p.m. to 7 a.m.).

In

Group I there were originally 10 participants; however, two days into the
study, one subject dropped out.

Groups I I and I I I had six subjects each

and Group IV had a total of five subjects.

Data were collected in June,

Demographic Data

The demographic information obtained from each nurse participant
is presented in Appendix G and is summarized in Table 1.

These data

indicate diversity of ethnic background and great diversity in the mean
number of hours slept on a day worked as well as a day off.

An analysis

On Duty
Off Duty

SI eep:

No

ChIIdren:
Yes

Di vorced

Married

Single

Marital Status

Oriental

Caucas i an
Black

Ethnic Background

36-i»0

31-35

26-30

20-25

Age:

Data

1 .13
1 .2

7.0

7.8
A

.38

8.0
8.5

Mean

Hours

S.E

Mean

Hours

S.D,

tint

1 .17
1.6

S.D.

•Ilia

.^8
.65

S.E

Hours

Mean

S.D.

Group I I I

Summary of Demographic Data for All Groups

Table 1

Mean
Hours

KO^l
1.1

S.D.

Group IV

.i»7
.^19

S.E,

of variance was done comparing the groups on the mean number of hours

slept on a day on duty (p=.056) and a day off (p=.037)-

Chi-Square was

done on the remaining demographic data and none were found to be signifi cant.

Hypothesis 1

The first hypothesis stated that there would be no significant

difference (a=.05) in the performance of mathematical tasks when the
scores of the four groups are compared.
math problems.

Performance was measured by 25

For all the subjects, the first day back to work after a

day off (day 1) was compared with the second day back to work after a
day off (day 2), etc.

In Table 2 the numbers represent group averages

for that day.
In this table, the a.m. group had their peak score on the second

day back to work as did the full-time night-shift group.
scores progressively worsened for both groups.

From there, the

However, the p.m. group

and the part-time night-shift group had progressively better scores.
Table 2b gives the actual performance scores for all the parti

cipants on day 1.

Days 2 and 3 are compared by giving the number of

points the scores improved (+) or worsened (-).
for each day in each group is also given.

An analysis of variance was

done on the performance scores for each day.

nificant (p values are reported in Table 2b).
was accepted.

The Standard Deviation

None were found to be sig

Thus the nul l hypothesis

= Standard deviation
= Standard error

= Full-time night shift
= Part-time night shift

-

1.1

1.5

1.6

3.2

3.7

3.6

2

2.2

3.0

22.if

1.1

S.D.

23.7

23.1

21.7

Mean

1.7

.3]

].k

.3;

S.E.

variabi1 ity from Day 2 to Day 1 in Group I is +.5.)

Standard deviation and standard error were calculated using Day 1 as a "base" day. For Days 2 and 3
the S.D. and S.E. were obtained by calculating the variabil ity of the scores on those days. (Example:

IV

S.E.

S.D.

Day Back From a Day Off

Mean Mathematical Scores for All Groups
(Number Correct out of 25)

Table 2

ks
Table 2b

Math Score Variances

+3

1

+3

1

+2

0

+2

2

+1
0

it
3

+1

0

0

2

-1

I

-1

1

-2

0

-2

0

-3

0

-3
-if

1
2

+7
+3

1
0

+7
+3

1
0

+2
+1

0
1

+2
+1

0
2

0
-1

2
1

0

0

-1

1

-2

0

-2

0

-3

1

-3

1

Group 2

Group 3
-3

+1

+3

1

+3

1

-1

-1

+2

0

+2

0

0

0

0

-1

+1
0

0
2

+1
0

1
1

(23)

-1

-1

1

-1

3

+3

+3

-2

0

-2

0

-3

1

+5
+3

1
0

+it

1

+5

+2

1

+2
-1

+1

2.2

1.6

+3

1

0

+2
+1

1
0

0

1

-2

0

-1
-2

1
0

-3

0

-3

0

(22)
3.0

S.D.—Standard Deviation

"Means at end of chart — 1st number is amount of score change; 2nd number
is number of subjects in that group having that amount of change for
that day.

Hypothesis 2

The hypothesis was that there would be no significant difference

between the different shift patterns regarding tension-anxiety as indi
cated by the POMS test.

The POMS scores are all expressed as factor

scores, "in interpreting the factors, a correlation of .30 or higher
between an item and a factor was considered significant." (McNair, and
Others, 1971, p. 6)

In Table 3, the tension-anxiety scores for each subject are com

pared as well as the mean scores for each group on each day.
score indicates more tension-anxiety.

A higher

In Groups I and I I I, the mean

scores for each day had a downward trend until day k, which had the

highest score (higher tension). Group I I had a trend downward, and Group
IV had an erratic pattern. Also in Table 3 are the high and low scoring
days for each subject followed by a summary chart of the number of highs
and lows on each day.

Table 3b gives the number of subjects in each group who had high

and low tension scores for each day.

For example, in Group I on day 1,

three subjects had their highest scores and three had their lowest.

Table 3b also shows the range of values for each subject and the overall
median for each group.

The analysis of variance showed that the tension-anxiety scores

were not significant (p=.82). Thus the null hypothesis was retained.
Hypothesis 3

It was hypothesized that there would be no significant difference

between the shift patterns regarding depression-dejection as measured by

Table 3

Tension-Anxiety Factor Scores

urouD

37
37

34
34
45

38
34
38

43
38

40
42

42

33
33

33

k5

34
Mean

39
37.7

38
34

I
2

2,3
1

48

2

1-3
2-3
3-0
4-2

1-3
2-4
3-2
4-0

1

39
33
35
33

33

same

41

37

38

ItTT

~W7

3O

Grou

44
42

38
33
37
35
Mean

38.2

2

35

38
38
34

37

32
37
35.3

3L

1

3

1,2

3,4

2

1,3
2

4

3

1,2

1-2

1-2

2
1

3
3

2-2

2-2

35

1

2

3-1
4-1

3-2
4-0

49

2,4

1

34

1

3

1-1

1-2

30

2

3,4

2-1

38

30
40

2-2

41

38

1
1 ,3

3-1
4-1

3-3
4-1

4J

42

49

3
2
4

38.7

36.8

39.5

35.4

34

34,>
I 1 1

35

35

* High mean
** Low mean

same

49
39.9

35.2'^*

3-3
4-2

1

33
46
41

Mean

1-1
2-2

2

Group

41

1-4
2-3
3-0
4-0

37.7**

2

Table 3b

Tension-Anxiety Mean Highs and Lows
and Range Values

Range of Values
GROUP

I

GROUP ! I

Subject

Subject

11
3
8
8
4
0
5
8
2

1
2

3
k
5
6
7
8
9

Subject

1
7
4
3
0
8

3
4
5
6
'■Med i an

Note:

9
6
1
1
5
6

3
4
5
6
"Med i an

(35-44)
(36-42)
(37-38)
(33-34)
(32-37)
(31-37)

34-37

GROUP IV

1 1 1

1
2

1
2

34-42

>Med i an

GROUP

{3k-k5)
(3^-37)
(37-45)
(40-48)
(38-42)
(33)
(33-38)
(33-41)
(37-39)

(33-34)
(39-46)
(38-42)
(35-38)
(35)
(41-49)

Subject

36-40

1
5
6
3
8

1
2

3
4
5
"Med i an

(34-35)
(30-35)
(34-40)
(39-41)
(41-49)
34-40

Subjects were counted twice on the top chart if they had equally

high or low scores on two days.

"First number given is the median of lows.

Second number given is the median of highs.

the POMS test.

Table k shows a comparison between the depression-

dejection factor scores of the subjects.

The trend is upward for both

Groups I and IV until day A, when both groups had their lowest scores

(least depressed).

Group 1 1 had a downward trend, as did Group 1 ! i after

the first day.

Table Ab gives the number of subjects having high and low scores
on each day and the range of values.

The analysis of variance done on

the depression-dejection scores indicated no significance (p=.78).

Thus

the null hypothesis was accepted.

Hypothesis A

It was hypothesized that there would be no significant difference

between the different shift patterns in regard to anger-hostility as
indicated by the POMS test.

In Table 5, the anger-hostil ity factor scores

for each individual and each study group are compared.

This table shows

the trend was downward for Group I I and was downward for Groups I , IN,

and IV after the first day.

In Table 5b the range of values for Group IV

is wider than for the other three groups, and the median scores are

sl ightly higher.

However, an analysis of variance showed no significant

difference (p=.6l).

Hypothesis 5

It was hypothesized that there would be no significant difference

between the different shift patterns regarding vigor as indicated by the

POMS test.

Table 6 compares the individual scores as well as the group

means and highs and lows.

The higher the factor score, the more vigor

Table k

Depression-Dejection Factor Scores

GrouD

Mean

I

kS
38

39
37

37
37

k]

45

43

37
37
37
37
37
37

37
39

41

38
37

37
37
37

39
37
37

38.5

38.5

38

3,A
2,3,4

1

37
37

1
2

1

3

1,2

1-2

2-3
3-2
4-1

1-5
2-3

3-4
4-3

2,3

1 ,3,4

2
same

37

38

37

-

39.1*

1 ,2,3
same

37.4**

Grou

Mean

39
48
41
41
41
37
41.2

37
42
41

37
41
42

37
39

37
39
37

43 _

2,3
3
1.2
2.3
2,3
1,3

42

I

3-1
4-1

3-5
4-0

1-1

1-2
2-1

I

37
41

same

2

47
37
41
48

1

2

3

37

1,3

2,3

2

3

39

2

2,3,4

2-4
3-1
4-0

3-3
4-2

TO

Mean

GrouD

Iv

1-1

1-2

1 ,4

2.3

2-1

2-2

38

3

1 ,2

48
40

2

1

3-2
4-1

3-1
4-1

3

4

same

38

37

38.7

* High mean
** Low mean

1-2

2-4

"TO
Group

Mean

1-4
2-1

40.7

39

41.2*

38.5**

Table

Depression-Dejection Mean Highs and Lows
and Range Values

Range of Values
GROUP

1

GROUP 1 1

Subject

Subject

1

8 (37-^5)

1

2

1
k
4
2
1
0
1
0

2

3
k
5
6

7
8
9
•Median

(37-38)
(41-45)
(37-41)
(37-39)
(37-38)
(37)
(37-38)
(37)

5

(37)
(37-38)
(38-44)
(42-48)
(39-44)

Subject

(37)
(37-41)
(42-47)
(37-38)
(40-41)
(39-48)

3
4

0
1
6
6
5

"Med i an

GROUP IV

Subject
2

(37-39)
(41-48)
(41-42)
(37-41)
(39-43)
(37-43)

37-38

GROUP ■ I I

1

3
4
5
6

2
7
1
4
2
6

1
2

3
4
•Median

•Med i an

Note:

Subjects were counted twice on the top chart if they had equally
high or low scores on two days.

*First number given is the median of lows.
Second number given is the median of highs.

Table 5

Anger-Hostil ity Factor Scores

GrouD

k]
kZ
kk
37
40
37
37
39
39
Mean

39.6

37
40

2,3,4

1-3

1-4

4

2-2

45

3

3-2
4-0

2-3
3-3
4-4

37
52
37
37
40
39
40.4"

1 ,2,4

37

1

37

same

same

4

37
40
39.2

1,2
JU J.

37.2

GrouD

Mean

40
48
37
37
37
37
39.3

39
40
37
37
37
40

37

same
same

37
37

"lO
GrouD

37
44
40
37

3

1,2

2

1,4

Mean

same

2

1

3
37

1,2
same

37
51
Mean

37.7-'

* High mean
** Low mean

49
44.5'

3-1
4-1

1-0

1-3

2-3
3-1
4-0

2-2

3-2
4-1

3

Group

41

3-1
4-0

1,3,4

39
39.2

38.2

1-2

2-2

I 1 1

38
39

1-2
2-1

37
37
42
41

56
42.6

IV
same

37

1-0

1-3

2

1,3,4

2-2

2-1

3-2
4-0

3-1
4-2

3

1,2

2

1

3

4

Table 5b

Anger-Hostil ity Mean High and Low
and Range Values

Range of Values
GROUP

I

GROUP I I

Subject
2

3
k
5
6
7
8
9
•Median

GROUP

Subject

k
k
4
2
2
0
0
3
1

1

(37-41)
(38-42)
(41-45)
(37-39)
(40-52)
(37)
(37)
(37-40)
(39-40)

5
6
•Median

Note;

5
6
"Med ian

37-40

Subject

0
6
3
0
3
8

3
4

3
4

(37-40)
(40-48)
(37)
(37)
(37-39)
(37-40)

GROUP IV

Subject
2

3
8
0
0
2
3

37-40

1 1

1

1
2

(37)
(41-47)
(37-40)
(37)
(38-41)
(39-47)

1
2

3
4
5
•Med i an

0 (37)
4 (37-41)
5 (37-42)
11 (40-51)
7 (49-56)
37^7^2

37-40

Subjects were counted twice on the top chart if they had equal ly
high or low scores on two days.

*First number given is the median of lows.
Second number given is the median of highs.

Table 6

Vigor Factor Scores
Day
H i qh

Low

54
k3

1,4
1 ,3

3

1-5

1-2

2,3

2-2

2-2

3

2

59

2

1 ,3

3-3
4-1

3-5
4-1

1

63

70

1,2

3
3

45
49

3

1

40

1

54

i!

--

1

4
4

51.2

50.2A*

53.2

2
1

1-2
2-2

1,3

3-0
4-2

1-3
2-3
3-1
4-0

Grou

51
48

Sh
43

49
48

38

30
60
59
71

42

55

63

Mean

71
37
62
51
52.9

38
52

55
50

GrouD

53
37
55
62
48
Mean

46
57
57
59

60

2

65

40

30

49.2**

52.3

54.6''
Group

68

66

1,2

1-2

1-2

53
40
30
60

54

1

2-1

48

3

3-3
4-0

2-3
3-1
4-0

30

46.8

Mean

I I 1

38

1,2

33

60
44
50.2

same

41.
38'

GrouD IV

48
51

•High mean
'Low mean

54.5'-

48.8

1

3

1-4

1-0
2-0

3-5
4-2

1

3,4

2-2

30

1
1 ,2

3
3

3-0
4-0

4J

2

3,4

38

Mean

51

40.2

the subject reported.

The group reporting the overall highest scores

was Group I I , the p.m. group.

The group reporting the lowest amount of

vigor was Group I I I , the full-time night-shift group.

Third was Group

IV and finally Group I. There was a downward trend for both Groups I
and IV for vigor scores unti l the fourth day.
trend until day k.

Group I I had an upward

Group 1 1 1 had an erratic pattern.

Table 6b shows

higher scores and a wider range of scores for vigor than do most of the

other POMS scores reported.

Vigor was found to be Insignificant (p=.686)

when an analysis of variance was done; thus the null hypothesis was again
retalned.

Hypothesis 6

It was hypothesized that there would be no significant difference

between the different shift patterns regarding fatigue as Indicated by
the POMS test.

Table 7 shows a comparison of these factor scores.

The

higher the score, the more fatigue the Individuals reported having.
Groups I and I I showed downward trends until the fourth day.
had an erratic pattern.

day.

Group I I I

Group IV had an upward trend unti l the fourth

Table 7b Indicates some Interesting range values.

Group I had

basically low fatigue scores (less fatigue) and a narrow range of scores.
Group I I had low scores but a wide range of scores.

Group I I I had high

scores (high fatigue) and a narrow range, while Group IV had some low
scores but a very wide range.

An analysis of variance Indicated a signi

ficant difference between the groups (p=.056).
fatigue was rejected.

The null hypothesis for

Table 6b

Vigor Mean High and Low
and Range Values

Range of Values
GROUP

1

GROUP

Subject

I I

Subject

5
5
12
5
13
8
8
22
3

1
2

3
k
5
6
7
8
9

(hS-Sk)
(43-48)
(30-42)
(55-60)
(50-63)
(63-71)
(37-45)
(40-62)
(51-54)

7
20
5
3
17
14

1
2

•3
4
5
6
'Med i an

(46-53)
(37-57)
(55-60)
(59-62)
(48-65)
(30-44)

47-58

Med i an

GROUP

I I I

GROUP IV

Subject

Subject

2
10
12
8
0
14
-Med ian

Note:

(66-68)
(53-63)
(36-48)
(30-38)
(60)
(30-44)

1

17
5
26
3
10

2

3
4
5

(48-65)
(51-56)
(38-64)
(30-33)
(41-51)

'Median

44-54

Subjects were counted twice on the top chart if they had equally
high or low scores on two days.

■"First number given is the median of lows.
Second number given is the median of highs.

Table 7

Fatigue Factor Scores

GrouD

40

1

45

2

40

1,2

34

7

37

8

34

9

34
38. 1'

Mean

1-3
2-3
3-2
4-1

37

37
37
33
35

41

3
3
4

1-1

2-3
3-3
4-1

34
37.2

36.3*"

37.2

GrouD

48

1

2,3

1-4

1-1

58
34
45
45

1

2

2-2

2-4

2,3

1 ,^

1

2

3-1
4-0

3-1
4-2

1

2

34

48
Mean

Ji3_

47.6

38.2**

39.5

Group

35
44
51
5

6
Mean

45
45.4

67

46

46

44.8**

34

^High mean
"Low mean

43.8,

2-1

2

3-2
4-0

56.5*
V

2,3,4

34

40
61
40
42.8

1-3

2-5
3-3
4-1

3

GrouD

Mean

1-0

2
2

69
36

"50

2,3

50.2

38
36'

1-2

1-2

2-0

2-2

3-1
4-2

3

1

3-4

1 ,3

2

4-0

3

4

Table 7b

Fatigue Mean High and Low
and Range Values

Range of Values
GROUP

1

GROUP 1 1

Subject
1
2

3
k
5
6

7
8
9
s^Median

GROUP

Subject

12 (34-46)
8 (37-45)
4 (36-40)
6 (34-40)
4 (34-38)
4 (37-41)
4 (33-37)
2 (33-35)
0 (34)
JZPtO

I I I

3
4
5
6
"Med i an

Note;

3
4
5

(36-58)
(34-35)
(34-45)
(34-45)
(43-70)

12
2
16
2
16

(36-48)
(36-38)
(36-52)
(61-63)
(38-54)

>Med i an

Subject

1
4
9
5
3
1

2

5 (43-48)
22
1
11
n
27

GROUP IV

Subject
1

1
2

(34-35)
(40-44)
(42-51)
(44-49)
(36-39)
(45-46)

1

2

3
4

5
>Med i an

36-52

41-45

Subjects were counted twice on the top chart if they had equally
high or low scores on two days.

*First number given Is the median of lows.

Second number given is the median of highs.

Hypothesis 7

It was hypothesized that there would be no significant difference

between the different shift patterns regarding confusion-bewilderment as

indicated by the POMS test.

Table 8 shows a downward trend for Group 1.

Group I I had a downward trend after the first day as did Group I I I.
Group IV had an erratic pattern.

Table 8b shows the two night groups had

overall higher scores.

Temperature

The subjects were requested to record their oral temperature

every three hours while awake.

No hypotheses were written regarding

temperature because of the difficulty in testing the significance of
these results.

However, the mean temperatures for each group on each

day have been tabulated (Table 9).

Day 0 represents the first day off.

Day 00 is included for those who had two days off in a row.

Days 1, 2,

and 3 are used as in earl ier tables.

Table 9 includes three sets of numbers:

oral temperature,

ampl itude of 24-hour temperature oscil lations, and the mean hour of peak
temperature.

The last two are plotted for ease in comparison

(Appendix

H, p. 112). All three of these parameters were determined by least-squares
fitting to a 24-hour cosine curve (Hal berg, and Others, 1978).

It would

be expected that any irregularity of rhythm would lower the ampl itude of

the osci l lation.

Therefore, a lower ampl itude may indicate less adapta

tion to the shift worked.

In Table 9 it is obvious that Group I I I , the

full-time night shift, had a lower ampl itude, followed by Group IV.
The mean temperature for each group is also shown in Table 10.

Table 8

Confusion-Bewi 1derment Factor Scores

kS
37
k]
35
33
32
33
37
ko
Mean

37. 1

38
36
44
35
33
35
39
35
37

"lO"

3,4

32

1,3,4

37
40

38
38

37

35

32

36
33

39

36
36. 1

35.4**

2

1-3
2-3

1-4

2-3

2

3

3-4

3-4

3
3
2,3

1,2
1,2

4-2

4-2

1,4

2

1

4

3
3

1

Grou

35
37
35
35
32
50

Mean

36.2

37.3*

3
3
35

30

35.6
Grouo

33

33
33

33
37
39
37
35

37

46

43

36.8

39.2

37.3

45
45

Mean

35
30
40
41
37
Mean

*High mean
'*Low mean

35**

36.6

1,3

1
1

3
2,3
4

2

1-2
2-2

3-2
4-1

3-3
4-1

32.5
I I

33

GrouD

2,4

1-2
2-2

2,3

1-0

1-3

2

1.3

2-4

2-2

2

3

3
3

2.4

3-3
4-0

3-2
4-2

2

Iv

3

1-1

1-3

1 ,2

2-2

2-0

3
3

3-3
4-0

3-2
4-0

2

Table 8b

Confusion-Bewilderment Mean High and Low
and Range Values

Range of Values
GROUP

1

GROUP I I

Subject

Subject

]h
1
4
3
5
3
6
6
4

1
2

3
k
5
6

7
8
9
"Median

(32-46)
(36-37)
(40-44)
(35-38)
(33-38)
(32-35)
(33-39)
(33-39)
(36-40)

5
6
"MedIan

Note:

33-37

IV

Subject

1
8
6
4
2
9

3
4

■Med i an

GROUP

SubJ ect
2

3
4
5
6

(35-40)
(35-39)
(33-36)
(34-36)
(32-33)
(30-50)

33-39

GROUP HI

1

5
4
3
2
1
20

1
2

(32-33)
(37-45)
(39-45)
(33-37)
(33-35)
(37-46)

3
7
4
6
6

1
2

3
4
5
>Med1 an

(32-35)
(30-37)
(36-40)
(35-41)
(37-43)
35-40

35-41

Subjects were counted twice on the top chart if they had equally
high or low scores on two days,

"First number given is the median of lows.
Second number given is the median of highs.

Table 9

Temperature for Each Day and Group
Day of Stud

Group
I

—AMs

0

00

1

2

3

Mean

)8.1

98.3

98.1

97.9
97.9

98.3

98.3

.6

.k

.6
.6

.5
.5

.7

.5

IA.3

9.4

11.7
11
.7

13.0

8.0

11.3

18.2

98.4

98.5
98.5

98.5
98.5

97.9

98.5

.6

,4

.6

.4
.4

.8

.6

10.0

18.7

17.2

10.5
10.5

17.6

14.8

98.1

98.3

98.1

.3

.3

.3

9.3

16.8

14.6

98.3

98.2

98.0

.5

.2

.6

8.4

11.9

10.8

fi rst day off
second day off
ful1-time nights
part-time nights
insufficient data

= oral temperature (degrees Fahrenheit), mean of hours and subjects.

= amplitude (degrees Fahrenheit), mean of hours and subjects.
= hour of peak temperature (24-hour decimal time), mean of hours and
subjects.

Table 10

Hour of Temperature Peak for Each Individual
Subject
Group

14.8
2.7

15.3

22.5
3.3

13.4

11 .0

3.3

18.9
1.7

11 .6

4.1

2.0

15.5
2.8

16.2
3.2

22.2

18.9

3.6

.7

2.9
4.6

.4
2.3

21.7
2.9

19.9
3.9

16.7

21.4

19.3

4.8

5.4

4.7

1 .8

Group I I

15.6
3.2

19.9
3.5

16.7

Group 1 1 I

Group Iv

3.8

15.3
3.3

11.5
4.0

Row 1 - hour of peak temperature (24-hour decimal time), angular mean of
days.

Row 2 - angular standard deviation (decimal hours).

The angular standard deviation was computed (Halberg, 1978) because

hours are actually parts of a 360° (2A-hour) circle.

Only those sub

jects having a minimum of five temperature readings on each particular
day were included.

As can be seen on Table 10, the mean hour of peak

temperature for Groups I and I I , the a.m. and p.m. groups, was between

3 and k p.m., and much later for Groups I I I (9-10 p.m.) and IV (7-8 p.m.),
Tables 11 and 12 show the number of individuals whose highest or

lowest mean daily temperature fell on any given type of study day: 0,

00, 1 , 2, 3, and k.

It appears that in Group I , the a.m. group, the

highest mean temperatures usually occurred on days off or on the first
day back to work.
worked.

Groups I I , I I I, and IV had their highest on days

Most of the groups had their lowest mean temperatures on the

same types of days (days worked vs. days off). Again, the a.m. group
had their lowest on day 1.

The full-time night and p.m. groups had their

lowest on simi lar types of days as their highs.

The part-time groups had

their lowest mean temperatures all occur on days worked.

Table 12 compares each individual subject's high and low mean
days.

The a.m. group had two subjects who had both low and high means

on day 1 .; the p.m. group had one subject.

Group I I I had three subjects

who had both low and high means on the same types of days.

Urine Sodium and Potassium

Each subject working the night shift, full- and part-time, col

lected an entire urinary voiding every three hours whi le awake and took
temperature readings at the same time.

These specimens were analyzed for

amount of sodium (Na) and potassium (K). The mean Na and K readings, the

Table 11

Number of Subjects Having.Iheir Highest and Lowest
Mean Temperatures on any Given Type of Day
Type of Day

0 - First day off
00 - Second day of two consecutive days off

Table 12

Comparative Chart of Each Subject's High and Low
Temperature Mean Days
Group I

High

Low

Group 11
H1gh

Low

Group
H1 qh

Group IV
H i gh
Low

Each number represents the day number (0=first day off, etc.)
Subject 1 In Group 1 was el iminated from this table because of inade~
quate amount of data.

All subjects are l isted in order according to subject matter.
"Subjects having both highest and lowest mean temperatures on the same
type of day.

ampl itudes, and the angular 24-hour peak are presented in Tables 13a and
13b.

The figures in these tables were cosine fitted as for Table 9 above.

The data from subject 4 in Group Ml were el iminated from this portion of
the study because they were insufficient.

In Table 13a, the full-time night-shift workers. Group Ml, have
their total mean hour of peak Na and K within three hours of one another
except for subject 2.

Her peaks are separated by more than nine hours.

In Group IV (Table 13b) subjects 1 and 2 have their total mean hour of
peak Na and K separated by less than two hours.

Subjects 4 and 5 have

their peaks separated by about six hours.

In Table 14 the total urinary Na and K readings (mean of all sub

jects) for Groups Ml and IV are tabulated.

In Group Ml the mean Na

readings for each day are comparable, the amplitude being the highest on
day 0 and lowest on day 2.

The K is quite a bit higher on day 0 than on

any other and lowest on day 1.

The Na and K peaked about the same time,

17-6 and 17.9 (between 5:30 and 6 p.m.).
in Group IV the Na readings are quite varied.
day 00 and the lowest on day 3-

The highest was on

The ampl itude varied quite a bit, also.

The K varied with its highest reading found on day 3 and lowest on day 2.

The total mean hour of peak Na was around 12:30 p.m. and K around 3 p.m.

Di scuss ion

The a.m. group was found to have the overall lowest math scores

(hypothesis 1) with a mean score of 20.5.
shift group with a score of 22.5 (Table 2).

Next was the part-time nightThe p.m. group and ful l-time

17.7/8.9
8.6/8.0

18.3/7.7"
7.5/2.3

17.1/15.0
5.0/ 1 .8

Na = sodium;

K = potassium

Na = 19.1

Na = 20.8

Na = 20.3

Na = 18.3

Na = 9.6

K = 22.9

12.1/3.4
5.4/6.6

K = 23.6

K = 21.5

21.5/11.5
4.0/ 3.2

K = 9.1

17.3/9.0
5.0/3.7

K = 11.

17.0/4.2
3.4/5.0

.6/.2
.8/.4

1.0/ .7

10.0/1.8

11.3/5.6
13.6/8.3

15.5/7.8
2.9/2.8

16.0/ .8
7.5/3.8

21/9/12.
13.7/ 9.0

15.6/7.9
8.0/1.9

8.3/3.7

22.0/1.7

there were less than five readings for at least one of the days.

"Data from subject 1 and the first group of numbers from subject 2 are for two combined days since

Mean Na and K expressed in mmol/d.

Amp = ampl itude;

Mean of all days, Na & K peak hour:

Mean Na/Amp.
Mean K/Amp.

Mean of all days, Na & K peak hour:

Mean Na/Amp.
Mean K/Amp.

Insufficient Data

Mean of all days, Na & K peak hour:

Mean Na/Amp.
Mean K/Amp.

Mean of all days, Na & K peak hour:

Mean Na/Amp.
Mean K/Amp.

Mean of all days, Na & K peak hour;

Mean Na/Amp.
Mean K/Amp.

Mean Individual Urinary Sodium and Potassium Readings for Group i l l

Table 13a

6.2/ l.i»

h.O/ 1.1

—
—

—
--

8.8/11.7
8.6/ 5.1

Mean of all days, Na £ K peak hour:

Mean Na/Amp.
Mean K/Amp.

Mean of all days, Na £ K peak hour:

Mean Na/Amp.
Mean K/Amp.

Mean of all days, Na £ K peak hour:

Mean Na/Amp.
Mean K/Amp.

Mean of all days, Na 6 K peak hour:

Mean Na/Amp.
Mean K/Amp.

Na = 5.''

Na = 17.2

—
—

N/A

—
—

Na = 17.0

Na = 7.8

26.9/10.2

26.7/19.6

Mean of all days, Na & K peak hour:

Mean Na/Amp.
Mean K/Amp.

K = 23.7

8.2/7.5

12.1/ .2

K = 23.'t

6.3/2.2
6.6/1.5

10.2/9.8
3.5/ .7

K = I5.8

K = 7.0

17.6/5.2
11.3/7.6

6.A/1.0
A.2/2.2

21.0/19.5
7.7/5.2

Mean of all days, Na £ K peak hour calculated angularly for 2A hours.

Mean Na and K expressed in mmol/d.

Amp. = amplitude when plotted on a standard curve; Na = sodium; K = potassium

Subject

Mean Individual Urinary Sodium and Potassium Readings for Group IV

Table 13b

Table U

Total Mean Urinary Sodium and Potassium
Da
00

Mean Na

17.7

17.9

Mean Na Amp.

10.5

8.3

Mean K

20.2'

4.0

Mean K Amp.

Total mean hour of peak:

3

14.5"

15.4

6.4

4.7

7.9

8.0

5.7"*

5.8

8.2

5.2

4.3

3.5

5.5

Na=17.6

18.

K= 17.9

Na

17.8

26.9

11.5

13.7

5.6

Mean Na Amp.

15.7

10.2

8.7

10.3

37.7

Mean K

6.3

6.2

14.8

5.9=^

18.8

Mean K Amp.

3.1

1.4

8.6

3.7

10.5

Mean

Total mean hour of peak:

Amp. = ampl itude;

Na = sodium;

K = potassium

Mean Na and K expressed in mmol/d.
*High mean
**Low mean

Na=12.5

K= 15.1

night-shift group had the highest scores, 23.1 .

On the basis of an

analysis of variance, the performance scores were not found to be sig
nificantly different, however.

It is difficult to know whether the

scores obtained were due to intelligence differences or indicative of

a lack of adaptation to the shift these subjects were working.

It is

also difficult to know whether the scores were a result or reflection
of the like or disl ike of the shift one works or of increased work load

and/or responsibil ities on one shift versus another.

All of these fac

tors may have played a part in the results.

In Table 15, all of the mean high and low scores and physiologi

cal readings are compared.

Each (+) represents the mean highest score

obtained for that variable within that group.

Each (-) represents the

mean lowest score for that variable within that group.

Each of these is

given in reference to the study day on which it occurred.

The (+)'s and

(-)'s are used in the same manner for the physiological readings. A (+)
by potassium would indicate the potassium peaked on that particular day

(mean highest amount of potassium).

A (+) and (-) for the same variable

on the same day (temperature) would indicate that some of the highest and
lowest mean readings were obtained on the same day or type of study day.
Comparison of the POMS scores in Table 15 shows some of the

variables that should presumably be related, according to the l iterature

reviewed in Chapter 2, but are not (i .e., when temperature is higher, so
should performance be;

when vigor is higher, fatigue should be low,

etc.). There is high vigor on day A in Group I. This may have been due
to the anticipation of having the next day off.

On day 1 the temperature

Table 15

Comparison of All Readings

00

temp

temp

temp

(+S-)

(+&-)

(+S-)

+perf

+ten

+vig

-ang

+fat

+dep

-dep
-vig
-perf

+ang

temp

+ten

-fat
con

temp

(-)

temp

temp

(+)

(+S-)

-ten

-con

(+)

-ang

+v!g
+perf
+dep

-fat

+fat

-dep

+con
-ten

+ang
+con

VI g

perf
I

—FIN

Na(+)
K (-)

K(+)

-perf

+dep

temp

temp

(+S-)
Na(-)

(+S-)

+ang

+vig

+con

+ten

-ten

+perf
-dep

+fat

-fat

-vig

-ang
-con

IV

—PIN

Na +)

temp

temp

(+S-)
+vig

(-)
K(-)

+ten

-ang

Na(-)
K(+)

+fat

+perf
-dep

-con

+ang

-fat

+con

-vig

+dep
-ten

-perf
temp - temperature

performance

ang

- anger

tens i on

con

- confusion

vigor

dep

- depression

sodi urn

fat

- fatigue

potass i um

+ = mean highest value obtained in that group occurred on day given,
- = mean lowest value obtained in that group occurred on day given.

peaked and fatigue was the lowest.
and vigor was lowest.

Also, on day 3> fatigue was highest

Both of these seem to be related.

in Group 1 1 all the variables except temperature started out low,

including vigor.

By days 3 and 4, al l the variables were high.

ture and performance on day 3 were high, along with vigor.
variables could be related.

Tempera

These

In Group i l l the temperature and performance

were high on day 2, showing some possible relationship.

However, fatigue

and vigor were high together on day 3 and low on day k.

it is interest

ing that fatigue and tension are lowest on day 4.

This may possibly be

due to some shift adjustment by the fourth day.
In Group iV al l of the variables except performance were high on

day 1.

On day 3 performance was highest and fatigue and vigor were lowest.

Fatigue was highest on day k.

A comparison of the four groups shows

fatigue was lowest for both Groups 1 and 1 1 on day 1.

Group I I I on day k and lowest for Group IV on day 3-

It was lowest for

Fatigue was highest

in Groups I , I I , and I I I on day 3 and highest in Group IV on day 4.

Per

formance was lowest for three of the four groups on day 1 (Groups I I, I I I ,

and IV). Anger was lowest on day 2 for Groups I , I I I , and IV.

Vigor was

lowest on day 3 for Groups I and IV, but highest for Groups I I and I I I on

the same day.

Tension was lowest on day k for Groups I , I I I , and IV.

Again this may have been due in part to the anticipation of a day off the

next day.

Depression, however, was the highest on day k for Groups I ,

I I I , and IV.

This may reflect some fatigue by the fourth day.

Anger and

confusion were also the highest on day k for Groups I , I I , and I I I.
An analysis of variance was done on the POMS scores.

Only the

fatigue scores were found to approach a significant difference between

the four groups (p=.056).

An analysis of variance was also done on the

number of reported hours slept on a day worked on a day off.

These were

both found to be significant (day worked, p=.056; day off, p=.037)Group IV reported the lowest number of hours slept on a day worked and
Group I I the highest.

Group IV again reported the lowest number of hours

slept on a day off and Group I I I the highest.
The mean hour of temperature peak for each of the groups fell

within the same four-and-one-half-hour span (see Table 9).

night-shift group (IV) peaked first around 10:20 a.m.

The part-time

The a.m. group (l)

peaked around 11 :15 a.m., then the ful l-time night-shift group (1 1 1) at
around 1 :20 p.m., and finally the p.m. group (I I) at about 2:50 p.m.
In Table 11 , where the days of highest and lowest mean tempera

tures are compared, the a.m. group (I) had their highest temperature on
day 1.

They also had their lowest temperatures on day 1.

The remaining

groups had most of the peak and low mean temperatures on days 1, 2, and
3.

day.

In Table 12 the high and low mean temperatures are compared for each

There were several instances where subjects had both their high and

low mean temperatures on similar types of days, six instances altogether.
The sodium and potassium readings, when plotted separately and

individually with temperature readings, were found in almost half of the
night subjects to peak within just a few hours of the temperature peaks.
However, with some of the subjects this was not the case.

The mean sodium

and potassium readings from Table lA, when compared with the mean tempera
ture readings from Table 9, would indicate that overall the subjects from

the two night-shift working groups were not in synchronization and were
therefore not adapted to the shifts they were working.
Overall , few of the criteria seem to be strongly related.
one of the hypotheses tested was at a significant level.
null hypotheses for al l but fatigue were accepted.
many trends as mentioned earlier.

Only

Therefore, the

However, there were

These will be discussed further in

Chapter 5 along with the recommendations.

Chapter 5

SUMMARY, CONCLUSION, AND RECOMMENDATIONS

The objective of this study was to investigate in nurses the

effects of working various shift patterns (a.m.'s, p.m.'s, full-time
nights, and part-time nights) on the circadian rhythms of performance,
mood, temperature, and levels of urinary sodium and potassium.

The

theoretical rationale was based on the bel ief that eight hours of sleep
are needed nightly to help assure synchronization of the body rhythms
and that changes in one's sleeping hours also may cause desynchrony
which takes about 10 days or more for readaptation.
The pre-experimenta1 method was used for this study.
registered nurses were included in the sample:

Twenty-six

nine in the a.m. group

(I), six in the p.m. group (I I), six in the full-time night-shift group
(I I I), and five in the part-time night-shift group (IV).

Chapter 3

describes the complete methodology and design of the study.
The results of the analysis of data collected about effects of

working various shift patterns on performance, mood, temperature, and

urinary sodium and potassium are described and discussed in Chapter k.
Many group differences as well as individual differences were found.
There was a definite trend in that, overal l , the a.m. group did a little
worse on the performance scores.
At the beginning of each shift mood tests were given to each sub

ject.

Groups I I I and IV reported having the highest amount of tension.

depression, anger, fatigue, and confusion.
most vigor.

Group I I reported having the

Fatigue was the only variable of the POMS test for which the

differences between groups were significant (p=.056).
The temperature readings for al l groups peaked at a reasonable

time for the shifts each subject worked.

However, the part-time night-

shift group peaked earl ier by almost two hours than did the full-time
night-shift group.

The a.m. shift had most of their temperature peaks on

days off and the first day back to work after a day off.

Most of the rest

of the subjects in Groups I I , I I I , and IV had temperature peaks on day 1,

2, or 3 back to work after a day off.

Six of the 26 subjects had both

their peak and lowest temperatures on similar types of days, i.e., both
on days off, both on day 1, day 2, or day 3Every three hours urine samples were collected and temperatures

taken simultaneously in Groups 1.1.1 and IV whi le the subjects were awake.
In Group I I I all of the subjects but one had similar hours when sodium
peaked.

This was true for the potassium also in three other subjects.

In Group IV, however, the Na readings and the K readings varied greatly.
Overall , the Na readings peaked several hours earl ier in the day in
Group IV than did those Na readings for Group i l l.

Cone 1 us i on

There was no significant difference in performance or in five of

the six variables for mood (POMS).

Fatigue was significant at p=.056.

As stated earl ier in the Limitations of the Study, these results may not
be representative of a larger population of similar subjects.

There were suggestive differences that might be followed by
further study.

The p.m. shift seemed to have had overall better scores.

The total environment of subjects would have to be controlled and ob

served to determine what might influence results.

The full-time night-

shift and the part-time night-shift groups seemed overal l to do worse on
their POMS test than did the other groups.

The part-time night-shift

group tended to have a more erratic pattern in their urinary sodium and

potassium results than did the ful l-time night-shift group.

The two

night-shift groups reported the least amount of sleep usual ly obtained.
The mean differences in the amount of sleep reported by the groups of

subjects on a day worked (p=.056) and on a day off (p=.037) were signi
ficant.

It is possible that the Profile of Mood States test used was not

a good tool to measure mood in a sleep-related study since it has not
been used widely in such studies.

Also, negative answers given may not

have been related to the shift worked or the amount of sleep obtained,
but rather to another variable.

Nursing Impl ications

This study appears to have some relevance for any nurse working
in a hospital , especially for the administrative nurse who schedules and
hires staff nurses.

Because both night-shift groups showed a tendency

to do more poorly overal l on the mood test, and because the part-time

night-shift group reported the least sleep in a working day, it is prob
able that adequate sleep and rest are important factors in efficiency.

This conclusion is relevant for the administrative nurse in that she may
be aware of the effects that lack of sleep may have on the performance
and mood of her employees.

She should be aware of these possible effects

if she is considering opening part-time night-shift positions.
This study and others l ike it also have nursing impl ications for

nurses working the night shift, ful l or part time.

It has already been

found in previous studies that if one stays on the shift she works even
on her days off, she can adapt to that shift more easi ly and quickly than
can a person who resumes a day schedule on the days off, as is typical.
On the basis of this study it appears this may be a common occurrence

since there were so many trends for the night-shift groups to do worse.
Further research in this area may prove more effective if addi

tional demographic data are obtained regarding what the subjects do on

their days off.

feasible.

A dai ly record of activities would be helpful if

A record of naps (when taken), exercise, and, of course,

sleeping times could be reveal ing.

Recommendations

Several

recommendations have been made on the basis of the find

ings of this study and of the studies reviewed in Chapter 2, as well as
those from the theoretical framewDrk.

It is recommended that a larger

study be conducted similar to the present one but with some changes.
Alternative null hypotheses are suggested below.
There wil l be no significant differences in the following:

1. Between different shift patterns when other toois (different
mood or performance tests) are used.

2.

In the urinary sodium and potassium excretion when all sub

jects participating collect urine specimens.

3-

In heart rate, respiratory rate, blood pressure, or urinary

cortisone levels when different shift patterns are compared.

k. Between different shift patterns when a larger study group Is
used.

5. Between different shift patterns when a longer study period
is used.

It is recommended also that the mood test, POMS, which was used

in this study, be used in further research with circadian rhythms and

sleep-related studies in order to evaluate its val idity and reliabil ity.
Also, more demographic data may prove helpful, particularly where each
subject is in her menstrual cycle, since temperature changes with ovulat ion.

It is hoped that the recommendations made in this chapter will be
helpful to other nurses and health personnel interested in shift work and

adaptation. The main goal of nursing is to provide the best patient care

possible 2k hours per day. To be aware of one's own circadian rhythms,
of peak and low performance times, and of temperature and mood can help
assure this. This area is in need of further attention and research by
those working in and with shift systems.
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APPENDIX A

Letter to Facility Requesting Permission
to Conduct the Study

Graduate Program in Nursing
School of Nursing
Loma Linda University
Loma Linda, CA 92350

Miss Gertrude Haussler
Assistant Administrator

Loma Linda University Medical Center
Loma Linda, CA 92350
Dear Miss Haussler;

Having worked three different shifts in my nursing experience, I have
noticed a decrease in performance and a change in mood when working on
the night shift for any length of time.

The question arose as to whether

these changes were due to physiological causes or as a result of working
a shift incompatible with my biorhythms. As a graduate student in the
School of Nursing, I am proposing a study titled "The Study of the Physio

logical and Mental Effects of Various Shift Patterns on Registered Nurses."
It will be comparing AM shift (7 am to 3 pm), PM shift (3 pm to 11 pm),
and night shift (11 pm to 7 am) full time RN workers, and part time night
shift RN workers as to performance, mood, and temperature changes. A por
tion of the subjects will be asked to participate in urine electrolyte
studies.

In the study, I will attempt to answer several questions: What are the
effects of different shift patterns on the performance of different
mathematical tasks of thirty registered nurses? What are the effects of
different shift patterns on mood with thirty registered nurses? What are

the effects of part time night shift work on ten registered nurses as
measured by performance, mood, urine electrolytes, creatinine, and tem
perature? What are the physiological effects of different shift patterns
as measured by urine electrolytes and creatinine? The findings of the
study will be available to Nursing Administration if desired.

With your permission, I would like to involve nursing staff, specifically
registered nurses, from the Loma Linda University Medical Center.

This

would involve about 15 to 20 minutes of extra time for the 40 subjects
at the beginning of each shift.

They will be asked to take the "Profile

of Mood States" exam, a 15-problem addition test, a 10-problem multipli
cation test, and temperature readings will be recorded at home as well

as while at work.

Six of the 10 RN's in group III (full time night shift)

and six from group IV (part time night shift) will be asked to collect for

and permit urine potassitam test analysis. The study will last approxi
mately six to eight working days for each subject. There will be no per
formance or mood tests given from sunset Friday to sunset Saturday due to
religious beliefs of the institution.

Verbal and written informed consent will be obtained from all partici
pants before the study. Permission has previously been granted by the
School of Nursing Committee on Ethics in Student Research. This study
is to meet in part the requirement for a Master of Science degree in
Nursing at Loma Linda University.
Thank you for your time and consideration.
Sincerely,

Carolyn J.Comith

APPENDIX B

Letter from Facil ity Granting Permission
to Conduct the Study

LOMA LINDA UNIVERSITY MEDICAL CENTER

Date:

Dear:

Your request for permission to collect data for your research project at
Loma Linda University Medical Center has been received and reviewed. The
following action has been taken:

You have my permission to conduct your study in our facility.

Your request has been temporarily denied pending provision of
additional information.

Your request cannot be granted at this time.
Also, it will be necessary for you to:

Obtain permission from the attending physician since your study
involves patients and/or their records.

Obtain additional permission from

Notify and/or advise the following persons of your study.

Make an appointment with
for additional discussion and information provision.
Other

If I can be of further help, please let me know.
Sincerely,

Gertrude L. Haussler, M.S.
Assistant Administrator

Nursing

APPENDIX C

Permission from Ethics Committee to

Conduct the Study

LOM LINM UNIVERSITY

Graduate Division in Nursing

Mrs. Carolyn Smith
25350 Park Avenue, Apt 1
Loma Linda, OA 92354

Approval Date May 16, 1978

Dear Mrs, Smith;

The Ethics in Student Research Committee has reviewed the proposal

you submitted for a research study in partial fulfillment of the
requirements for a Master of Science degree from Loma Linda University.
The committee has voted that your study is:

V Approved as submitted in the specified setting.

Approved after the attached changes have been made and a memo from
your research adviser to this effect has been received by the
chairman of the Ethics Committee.

Not approved as submitted to the committee. See the attached
comments for recommended changes.

Must be resubmitted prior to any data collection.

Deferred to:

UCOHS
UCOHS

Major Adviser

Research Adviser

Adviser
Adviser

Other

Please see attached comments regarding this action.
Please contact the Chairman of the Ethics in Student Research Committee

if you have questions related to the decision of the Committee. If
any changes are made in the hypothesis, setting, sample, tool, consent
form, or the procedure for data collection, this proposal must be resubmitted to the Ethics Committee.

We pray that the Lord will continue to bless your endeavors.
Sincerely,

Evelyn L. Elwell, Chairman
Ethics in Student Research Committee
ELE:lw

xc:

Research Adviser

APPENDIX D

Participant Consent Form

To:

Module Directors and Head Nurses of Involved Units

From:

Carolyn Smith, Head Nurse 4100—Graduate Student

Subject:

The Use of R.N. Staff in Thesis Study

As a graduate student in the School of Nursing, 1 am planning to collect

my data for my study beginning Sunday, June 1 1, My study Is titled "The
Study of the Physiological and Mental Effects of Various Shift Patterns

on Registered Nurses." It will be comparing AM shift (7am to 3pm), PM
shift (3pm to 11pm), and night shift (11pm to 7am) full-time R.N. workers,
and part-time night shift R.N. workers as to performance, mood, and tem
perature changes. A portion of the subjects wi ll be asked to participate
in urine electrolyte studies.
In the study, I will attempt to answer several questions: What are the
effects of different shift patterns on the performance of different

mathematical tasks of thirty registered nurses? What are the effects of
different shift patterns on mood with thirty registered nurses? What
are the effects of part-time night-shift work on ten registered nurses
as measured by performance, mood, urine electrolytes, creatinine, and
temperature? What are the physiological effects of different shift pat
terns as measured by urine electrolytes? The findings of the study will
be available to Nursing Administration if desired.
I will be involving R.N.'s from non-critical care units. This will in
volve about 15 minutes extra time for each R.N. in the study at the
beginning of the shift. They will be asked to take the "Profile of Mood
States" exam, a 15~problem addition test, a 10-problem multiplication

test, and temperature readings wil l be recorded at home as well as while

at work. Six of the 10 R.N.'s in Group I I I (full-time night shift) and
six from Group IV (part-time night shift) will be asked to collect for
and permit urine potassium test analysis. The study will last approxi
mately six to eight working days for each subject. No data wi ll be col
lected from sunset Friday to sunset Saturday.

If there are any questions you have about the study, please don't hesi
tate to cal 1

me.

CONSENT

It has been explained to me and I am aware that participation in
this research project is voluntary and that 1 have the right to with

draw from it at any time without incurring any disadvantages.

Any and

all information obtained through this study will be treated in a confi
dential manner.

I further understand that any report or publ ication

resulting from this study will not contain any information which might
lead to the identification of the participants in this study.
I have considered the above statements and hereby give my free
and voluntary consent to participate in the "Study of Physiological and

Mental Effects of Various Shift Patterns on Registered Nurses" under the
supervision of Carolyn J. Smith, B.S., R.N., graduate student in nursing,
Loma Linda University, and in witness thereof I have signed this consent.

I understand that 1 am free to withdraw from participation in the study
at any time without resulting in any prejudice toward me.

SI gned

Witness

EXPLANATION OF THE STUDY OF VARIOUS
SHIFT PATTERNS ON RN'S

A study is being conducted to compare performance, feel ings, and

physiological differences of registered nurses working the morning shift,
evening shift, and night shift. This study is being done by a graduate
student in the School of Nursing. Your participation in the study is re
quested. If you consent, a mood checkl ist will be given to you at the
beginning of each shift you work as well as a short mathematical test of

addition and simple multipl ication. Your temperature will be taken at

this time, also, and you will be asked to take it during the middle of

the shift, at the end of the shift, upon awakening and before you retire
for six to eight days you work, and any days off you have in between.
You may be asked also to participate in collecting your urine for
urine electrolyte analysis. This would require you to collect a minimum

of four urine specimens per day and label each. Each day that you work,
these would be collected by the graduate student when you returned. All

the information obtained will be confidential and no attempt will be made
to identify you with your answers. No change in your working schedule

will be required; however, you wil l be asked to refrain from working any
double shifts during this study period.

Rj_sk: There wil l be no risk to your privacy or any physical, social, or
emotional harm by participating.

APPENDIX E

Example Math and POMS Tests

2.)

158
+ 897

3.)

783
+ 59^

^.) 253
+ 928

379

7^9

635

6.)

488

7.)

+ 921
357

11.)

5320

911

928
+ 888

5479

344

717

+ 8281

12.)

+ 7805

8,)

+ 275

2589

13.)

+ 4576

3286
+ 5975

14.)

4254

+7868

Example Addition Test

1.)

42
X

6.)

87
X

2.)

8

7

78
X

7.)

73
X

3.)

8

6

Example Multipl ication Test

36
X

8.)

88
X

4.)

9

8

66
X

9.)

46
X

5.)

8

7

74
X

10.)

9

59
X

7

Example POMS Test
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o

o
z

UJ

z

<

X

Happy

Energetic
Uncertain about things
Annoyed
Exhausted

Lonely
Unclear
Anxious

Unworthy
Tense

There is a list of 65 adjectives on each POMS test,
the same one given every study day.

APPENDIX F

Basal Temperature Chart
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APPENDIX G

Demographic Data Chart
Tables 16-19

DEMOGRAPHIC INFORMATION

MARRIED:

CHILDREN:

yes

yes

no

no

ETHNIC BACKGROUND:

20-25

_26-30
_31-35
36-40

AVERAGE HOURS SLEPT ON YOUR DAYS OFF:

AVERAGE HOURS SLEPT ON YOUR DAYS ON:

Ethnic Background: C=Caucasian; B=Black.

26-30

26-30

20-25

31-35

31-35

20-25

20-25

26-30

Children

Average Number

8^10

on Day Off

of Hours Slept

Marital Status: M=married; S=single

Status

Background

Number

31-35

Marital

Ethnic

Participant

Oenxjgraphic Data of Group 1—AM's

Table 16

Average Number
on Day On

of Hours Slept

1

0

20-25

26-30

26-30

1

2

3

Ethnic Background: C=Caucasian; 0=0rlental ; l=East Indian
Marital Status: M=married; S=single; D=divorced

8.5

9-10

7

7

9-10

on Day Off

20-25

No

Yes

No

Chi 1dren

Average Number
of Hours Slept

9-10

S

M

M

Mari tal
Status

20-25

20-25

0

Age

Background

Ethnic

Number

Part ici pant

Demographic Data of Group l l--PM's

Table 17

Average Number
on

6-7

7

8-9

Day

On

of Hours Slept

Ethnic Background:
*Ful1-Time Nights

C=Caucasian;

20-25

20-25

M=married;

12-14

Average Number
On

10-12

Day

On

of Hours Slept

S=single

on Day Off

20-25

Marital Status:

Chi 1dren

Average Number
of Hours Slept

12-U

0=0riental

Status

Marital

20-25

31-35

Background

Number

20-25

Ethnic

Parti ci pant

Demographic Data of Group I I I — FTN's*

Table 18

"Part-Time Nights

Marital Status:

B=Black

D=divorced;

C=Caucasian;

S=single

Status

Background

M=married;

Ethnic Background:

20-25

20-25

20-25

3S-kO

26-30

Mar i ta 1

EthnIc
Chi Id ran

on Day Off

of Hours Slept

Average Number

Denragraphic Data of Group IV—PTN's*

Table 19

Average Number
On

Day

On

of Hours Slept

APPENDIX H

Figures 1 and 2

Group
Group I I
Group 1 1 1
Group IV

Figure 1
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