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ABSTRACT
~'7 Quasi-continuous work schedules require mdividuals to function for
prolonged periods with few extensive sleep opportunities. gquently,
sleep loss may jeopardize effective functioning. The: Ztesearch has

‘been t/o aluatéXthe potential of napping to facilitate functioning in such situ-

ations. ém- studies -have focused on identifying basic individual differences
in napping behavior, and determining the implications of these differences for
the ability to nap, the nature of naps, the purpose served by naps, and the

consequences of napping in both sleep~conducive and non-condu alerting)
environments. These issues are highly-relevant 1o mplement pro~

phylactic napping during sustained operations. CWo-pteeent an extensive study¥’

,\mvolv&nwboth laboratory ard field data on the sleep/wakefulness patterns,

napping behavior, psychophysiology, performance, subjective activation, and
circadian variation in two types of habitual nappers and a group of habitual
non-nappers. Replacement nappers nap to compensate for shortened nocturnal
sleep the night before, and are the most common type of nappers; appetitive
nappers' naps are not tied to reduced nocturnal sleep, but rather may be part
of a natural biphasic sleep cycle. Appetitive nappers exhibit a greater control
over napping than replacement nappers. Confirmed non-nappers avoid napping
because it produces unpleasant consequences for them, the basis of which
might be the intrusion of a consolidated nocturnal sleep pattern into their nap.
Naps profoundly improve positive mood states in nappers, but they also yield
immediate post-nap performance decrements -- related to aspects vf sleep

infrastructure -- that are relatively quickly dissipated.’ Alerting environments "

and intense waking stimuli do little to lessen the decrements. An alerting nap \
environment increases the proportion of light sleep during a nap while recipro-
cally decreasing deep sleep, but only marginally diminishes the subjective
benefits of a nap for nappers. Nappers preparing to nap show lowered activa-
tion levels. This may reflect an increased sleepiness due to sleep need, as
seen in replacement nappers, or be indicative of control over daytime sleep,

as seen in appetitive nappers. This preparatory response -- which appears to
predict whether sleep will occur -~ has implications for training soldiers to use
available slack times for napping during quasi~continuous operations. Our
findings are reviewed in the context of relevant literature on napping and frag-
mented sleep, and interpreted in terms of contemporary theories of sleep func-
tion. We propose that the next study involve a specific test of the efficacy of
prophylactic napping to minimize the accumulation of sleep debt and its accom-
panying performance deficit. Finally, future investigations should focus on
factors that may enhance the control of sleep onsiet (without sleep debt), and
the attenuation of the negative effects of sleep cifset.

Descriptors:

Sleep EEG Prophylactic Napping
Napping Circadian Rhythms Environmeutal Effects
Tatigue Activation Psychophysiology
Performance Mood Replacement Nappers
Sustained Mperations Control of Sleep Appetitive Nappers
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in conducting the research described in this report {

the investigators adhered to the Institutional Guideto DHEW
Policy on Protection of Human Subjccts as outlined by the %
!

i

National Institute of Mental Health, The Research Review

Committae of The Pennsylvania Hospital evaluates the pro~

" il .

tocols of studies being conducted, the type of subjects,

l method of recruitment, screening process, as well as the

e sl it

N

risks, voluntary participation and the manner in which in-

L

formed consgent is obtained. The procedures were most re~

L | T
}?Aﬁs ] t .

cently reviewed and approved on May 1§, 19789,

% {
!Aq i
& ]
s i
5; Jqqogs}on AFo*r“__ L §
% NTIS GRALI ;
¥ DTIC TAB

'} Unanncuncea 8] :
4 Justification _______ | ;
d .
By | i
_Distribution/ B i

mAv;ilabiUty Codosg

T TAvail and/ae
Dizt | Spectal '

AL

C NS ML s 0 e vl




>—

TABLE OF CONTENTS

Page
ABSTRACT LR B RN I I B B B B I R B B RE B B B B N B I R Y B B R BN RC R B I I R R I RN R I I R B I R I N ] 2:

ACKNOWLEDGMENTS tui0teaetevococrsosesosoosnsosssccascranses i1
FOREWORD .icoanssesesoosonnsssnnssssssssasssssassenasssecsss 111
INDEX OF TABLES tievtvernecesvsessrorsnsetccsnssasssnossss ix
INDEX OF FIGURES siteievrsnssosssstcsanssnssecssosssssonos X
I, BACKGROUND .uvcierseessoncncssoscsassssssnsanssanssnsssss 1
II. INTRODUCTION suvecisnsosnosonseonsssosssnserssssanssnsosss 5
A. Review oOf the Problem ..ccicveevcssssesssnnceseses 5

l. The Need to Sl€eP civevsveossearerneccosvrsssssccnansss 5

2. The Study Of NAPPING cccveeeteorscosssssosesssscconesse 7

3. The Concept of Prophylactic Napping in Relation to
Quasi-Continuous Performance «.eeceeesesvvosscsssse o 9

4. Systematic Research Needed to Operationalize the
Concept of Prophylactic Napping ceeeeceseceerssccocnns 12

B. Review of Relevant Literature eeoeecesessoveosenss 14
1. The Natural Occurrence of Napping seecccoececoccsssess 14
a. Replacementnaps B 8 2.5 060 608 000 0600 0% 2 DE "o 0 0t e 8 16

bo Appeﬂtiveﬂaps ® 6.0 0 6000000600006 000 007000005V 17
2. Napping aad Effective FuncHoning ......cco000vteeeses 19

a. Performance andi mood following naps in non-
SIBep"depY}."'ﬁﬂ “ults R R N W A A I 20

b. Napping versus short sleep and no sleep v.eeecces. 22
3. The Effects of Disruption of Sleep/Wakefulness Cycles ., 25

al DiBPIGCd'leep P 0 0890 00 060 008 0N OO L 9N OE oo N O 25

i

B

o =

el o MM

v

R N S P

]
i




.,,'.._ —

Eliavseen
TSR M g | 1S, s et

v

6.

b.

C.

TOtBISIGQPIOSS LI BT AN SN BE A AN A 2E IR N BN B DY B AN B BN BN BE BN BN BEBE I BN B IR I

Pamal sleeploss S 0 5606000 ¢ 0 0 O SR OR LSNPS OSSP

Studies of Napping during Simulated Continuous
Mintwopaauons 9 0 & 060 0 00 ¢ 0 0 0 ¢ 620t 80P S A e LSS e S

a.

b.

Exogenous factors interacting with sleep loss effects
during quas’.‘conﬁnuous Opef&ﬁons se 000000 s000 0

Endogenous factors interacting with sleep loss
effects during quasi~continuous operations . .ceeeeee

The Control of Sleep Onset .vccecerasessonscrssssssases

Summary of Relevant Literature ..vecceecosorosscscsnsns

CI overView of Studies 8 8 00 060 0 050 602000000 e s e s e

Iul THECURRENTSTUDYOFNAPHNG 8 806 60090 6000806000 0603 0000600088200

Ao Procedure 8 00 0 300 060 00 003 0080003800000 00008000060000000

l.

\
.

Survey and Classification of Subjects ....ccevvesvesenns

a.

b.

Nappers O P 65 9 0 600008 0SB OB OES NSO B NN EN e e

Non-Nappers P9 6 4 00 50086060 00 3800008006008 5°000080s0800e00

Qualification of Subjects for the Laboratory Phase .......

ExperimentalDGSign @ 8 %0 5 00080 400 08540 beebesIGe b

Lamratowsessions S 8 006 02 0000 &8O PSSP0 AL b b o bbb,

DAYl..0..0.........ll..‘.ll..‘....'..........l
DAYZ ® 08 0600 0.0 00080 0008 8% P VO V00N GEONEPIE SO EO NS
DAY3 8 0 000 88 00 000 E LT E BSOS Ve NGRS SEs et

DAY4 ® 5 5 00 8 5 080 000 500 8 LS G0 PR a0 te st s

DdtaCOIIGCted 9 0 0068 08 0850500006 ebs P00 rIeN0e s s

a.

Performance MeAaBUIeS .. .ccccvsessvssosnstssnsvosse

(1) Reaction Time (RT) L I N S B B R R BN A A S A I N B A A I I RN Y'Y

Page
26

28

29

34

36
41
44
48
51
51

51

53
54
56
58
58
58
bl
64
64
64

64

ool . sl




W —r - T B T T R e Ty R e e

] . x Saree

Page
(2) Descending Subtraction Task (DST) vecevioenvsen 65

(3) Random Number Generation (RNG) «coevecveeness 66 g

b, Subjective MeASUreS «ieovtessecscssrsasrsssccsnnsns 67 . 1

(1) Behavioral sleep/wakefulness patterns ....coee. 67 !«

g (2) Subjective activation «s.eeeesecesesvesocsaonss 67 | 3
.*| (3) Sle@PiNeSS tviveesviessreassorssssnsansnssass 68 1
Fﬁ (4) Nap satisfaction and recovery from fatigue ...... 68 v 3
¢, Physiological measures .cieovevcorserstoosesvscnsss 69 g

(1) Oral temperature «vooeeeesesessoonsisaostesoses 69 : :

. (2) EEG and related sleep/wakefulness measures .... 70 | ;
(3) Electrodermal activity and heartrate .....cc000e 70 4

B, Distribution of Napping in the Young Adult

Population.D.l.ll...‘..l..."l..l0'.0‘0.'.'...000.0.0 72
10 Nappera S 6 8 00 0 050000 000 000N SIS0 ENISEIS NS bere 72
2. Non-nappers T 0 0 0 080 6 5 0608080000000 00000 ENe ety 74

C. Results from Napping in Optimal and Non-
Optimal Environments ,ve.ereosescscenssossssctsaconne 77

1. Physiological Antecedents, Concomitants, and

e i ey o> e M 2o o M cai v AT e Sl a il

Consequences to NappPin, seceecsvorsescssscesscrccssns 77
a. Nappers' and non-riappers’' ability to nap cecceeceene 77
b. Nap sleep infrastructure in nappers and non~
NAPNEIS seuossstosvssssscsencsstsosssssssssscsssesse 80
(1) Sleep onsBet ..eeeeveccrnossosessssereosecanns 81

(2) Total s)leep time and sleep efficiency «¢vveveeeess 82

(3) Sleepstages ® 0 0 0 06 0 865 000 8P T PO CSEG T Letesl e 83

1
3
|

(4) Sta(Jelabiuty L I R A A A A A N A NN NN RN 87

vi




Y A

vt TR P U

L.

Page
c. Other physiological resultS .eceseeercsesovossonss 92
(1) EEG alpha actiwty ® 6 8 0 68 &0 8 00080 0 B8O IOEDE S 92
(2) Heart rate and electrodermal activity «eceseevons 94
(3) Oral temperature * 0 0 0 & 08 08 6 05 8 00 0 SR 08 SO0 e 95
Performance Results @ 9 0 0 & 0 0 0 00 0 4O B OS ORN O BT O OO LB R e 101
a. Sleep infrastructure and post-nap performance oe..... 101
(1) RT decrements @ 8 00 % 006 0008 00 ¢ P8O PO Lo PN es 104
(2) DST dwrements ¢ 9 0 0 00 0 9 b 00 0 0O P O O N PO RS SYYY 106
b. DST performance of nappers and non-nappers .....s. 108
Subjective Results % 0 0 5 08 060 000 00 00000 0O G0N SN NEOEOEDB O DIDN 112
a. Post-nep ratings of depth, time, satisfaction,
and aspects Of fatigue ® 0 00 8 5% 385 6 008 20 000 B9 Y KPS 113
(1) Replication of effects from an optimal
environment LI B B I B B BN B B B BN B B I R B B B R N N RN I B B R RN N ]‘13
(2) Optimal versus non-optimal envircnmental
effwts ® 6 5 600 565 580050850 508006008088 800888002000 116
(3) Immediate versus delayed post-nap
subjective effBCts ® 0 & 0 0 3 8 AP OB G S P 0P 8 s bl 118

Subjective effects of naps versus wake control
pmws ® & 6 0 000 50 2 60 VY00 0B O PG SN0 NGNS 0E N0 122

(1) Tirdness S 0 060 ¢ 6 0608 0060020008005 0b e Nse e te e 123
(2) Sleepiness .l.......l..l.‘..‘...ll.l.l....'.' 126

(3) Subjective activation ..eeeeececcncsssoncennas 130

Results from Data Collected outside the
Laboratory L 2 B B B B I B B B B Y BT R B Y I B BK I N R R B R R B N B BN N NN N R R I R B R BN ] 136

1.

Circadian Variation on Nap and Non-nap Days ...ccoe0s. 136

a.

Orﬁltemperaﬂure LR I N R NI BB IR SR BRI IR B I B I B B BB Y I A ) 139

vit




Page
b. Subjective activation (AD=ACL) ¢ vcevtvsecsvacssenns 141

(1) General activation and deactivation~sleep ...... 141

(2) General deactivation and high chvauon ceseanas 146

2. Sleep Diary ReSultS «ievesevvesvosvsacsvecrsssasesanns 148
a. Behavioral activity in nappers and non-nappers «««... 148

b, Characteristics of nighttime and daytime sleep
in nappers dnd non-nappers R A R A N R N A N N N I N I S AT A 151

c. Napping patterns in appetitive and replacement
nappers B 0 0 58000 0 000 60606008 060 089 060 000 8006000090080 155

d. Daytime napping in relation to nocturnal sleep ...... 158

(1) Noctumal sleep characteristics on nap
amnon-mpdays L3N 2 BN N B I B NN RN R N R I I R R N R R R YR N R W ) 158

(2) Nocturnal sleep before and after laboratory

naps .5 0 06 0.0 608 00 4 8068060000800 0305800800000 000 0000 168

(3) Sleepiness and fatigue on nap and non-nap

days @ 5 0 0.0 000 40405000 4608050808080 0 0000410 0es0802e 171

e. Sleep desired versus sleep obtained ..eceoeseevonss 175

E., DiSCUSSION tevesesnsetosssasvvsssssssssscssnsssscosns 180
1. Napping, Sleep Need, and Sleep CyCle ciavvvatoceostnnss 180

2. The Consequences of NappPing ..eevececesnssrescnsecnns 187

3. The Control of Napping .seeeeesesonsarseassossosassonsss 194

F. Directions for Future ReSearCh ..vecesessseosaces 199

REFERENCES 4i0oeusveontoeotsscssoracssssasasrosssosessscsosas 203
APPENDICES ..t ituieenrroneeronsoesssosssnssesosansosvannoes 222
I. Survey of Subjective Sleep Patterns .....evevescoccssoncsose A-1
II. Patterns of Sleep Questionnaire Form SD: Sleep Diary ........ A-12

III. Preference for Background Sounds Or Silence ...c.ceeceesvess A-16

viii

IS

et




INDEX OF TABLES

i Page
l‘ Table 1. Survey frequency of nappers and noON-nappers «...se... 73
Table 2. Mean values of nap sleep infrastructure parameters
! from our earlier work and the current siudy .+.eosveenn 84
; Table 3. Mean minutes of nap sleep stage parameters for naps
L‘! OnDAYZ&ndDAY3 LR IR BN I S I TR B IR BRI BN I Y B IR B N Y * 0 a0 35
i Table 4. Mean nap sleep lability parameters for naps on DAY 2
t andDAYalOQDOODIOOQDQ ...... 4 ¢ & & ¢ v " 4 8 &0 B 0 s AR e e 88
: : Table S. Product moment correlations between immediate post-
b nap performance and nap sleep parameters so.oeesec s 104
LN
Table 6. Mean values of subjective responses from our earlier
work and the current study e ivveecvnrirsnnnvronnns 114
! Table 7. Mean subjective ratings from naps on DAY 2 and
DAYB00.!.lll.l.ll.‘l..bl..l.lllll...ll.‘ 00000000 117 b
. E
X Table 8.  Mean subjective ratings from 6-10 minutes and 40-60 |
minutes after naps on DAY 2 and DAY 3 +evvveerneonrss 119 }
Table 9. Median changes in AD~ACL scores from noon to
3:30 p.m. for nap days and non-nap days sessceeces.s 145
Table 10. Mean sleep diary responses to questions regarding g
behavioral activity over a 30~day period ... iv0vvevenen 150 ;
Table 11. Mean sleep diary responses to questions regarding ‘
noctumal sleep and napping over a 30-day period ...... 153 ?;
Table 12. Appetitive and replacement nappers' nap parameters ﬁ
taken from 30~day sieep diaries ....ivovevtsnrenrsans 156 ;
N
Table 13. Mean nocturnal sleep values for nights before and %
after nap and NON-nNap days svevevvortosrerenroeocaon 159 :
A
i
Table 14. Mean sleep diary sleepiness responses for nap days j
andnon_napdays * & & & 0 ¢ 9 8 4 0 0 B 2 0 e @ 6 0 4 4 8 2 0 0 5 g B 9 o8 o 172 li
Table 15. Paired t-test values for comparison between subjective §
sleep length estimates and diary lengths ...cvvvvvuees 178 1
d
; 1‘%

12




Figure 1.

Figure 2,

Figure 3.

Figure i,

Figure 5.

Figure 6.

Figure 7.

Figure 8.

Figure 9.

Figure 10.

Figure 11,

Figure 12,

Iigure 13.

I'igure 14.

INDEX OF FIGURES

Page
Schematic layout of 30-day study s eevevenvtriienvranes 57
Types and sequencing of measurements taken during .
laboratownaps I R EEEEEEEE R NI A RS U Y S N N PN R N W RN 60
The proportion of appetitive and replacement nappers
who nap at varying frequencies perweek .....ccevveee 74
Mean sublingual temperature recordings taken during
the l1-hour period priorto the nap ... et v v v v vvenns 97
Histograms of mean temperature for the first record-
ings made on control days and Nap days v.eeeecevaerans 99

(A) Mean performance on RT and DST before and
after a nap in a sleep-conducive environment ....se... 103

(B) Mean performance on RT and DST before and
after a nap in an alerting environment + ... oo viccennes 103

(A) Mean RT to answering a telephone from various
stages of sleep and wakefulness .. vevivionieesnans 105

(B) Mean immediate pcst-nap DST performance as a
function of pre~nap levels ....ciitientitcoverenenans 105

Mean percent of stages 3+4 sleep and mean number of
DST errors immediately after nap termination «.vevvv v 110

Mean self-ratings of tiredness on a 1 (fresh as a
daisy) to 10 (tired to death) scale ...oveevenniinannas 124

Mean self-ratings of sleepiness on a 1 (wide awake)
to 10 (extremely sleepy) scale «...vevvinenieninnnnens 127

Circadian curves for oral temperature and four
subjective activation factors ¢vevveveennee o N 138

Proportion of naps distributed across time of day for
appetitive and replacement Nappers ..o cveeeccetanns 157

Median sleep lengths for nappers and non-nappers

during the 30-day diary period, oo e vevvvvivnnanrvonnnns 161

Median values for nocturnal sieep on nights before

nap days, non-nap days, and laboratory visits ...... oo 169
I

A e i O DN A R b i 10 IME. 1 1r ol ol 5 o015 5Pt . 5

et PR i e - i

3t oilea b N



T T T T T MR BT I e e e et m o Sl RS 1 - il S = e i e A M e

I. BACKGROUND

O

Sleep is so fundamentally a part of our daily lives, and its ab-
sence during a Z4-~-hour period makes us so subjectively uncomfortable,
that there are few of us who do not intuitively consider sleep to be a
need as basic tc survival as food. Indeed, we average a third of our

lives ful'illing a recurrent urge to sleep presumably to recover from the

day's fatigue. Most of us would quickly confirm that simply resting each

day, without actually sleeping, neither provides the sense of sa*isfaction

we typically feel afier a normal night's sleep nor forestalls the growing
pressure to sleep after even short periods of sleep deprivation (Kleitman,
1963; Webb & Agnew, 1974a; Lubin, Hord, Tracey, & Johnson, 1976).
Despite the ubiquitous nature of sleep, and the apparently ob-
vious relationship between sleep and recovery from fatigue, the precise
physiological benefits that result from sleep remain obscure. Although
hundreds of total, partial, and selective sleep deprivation expoeriments
carried out in the past 20 years have documentec the dynamic psycho-
physiological nature of sleep, its multiphasic structure, and behavioral
and psychological correlates of it, relatively little insight has been
gained into the association between sleep and recovery from fatigue.
Nevertheless, sleep loss does disrupt effective functioning of
the individual. Studies of performance, psychological stability, and
neurological integrity following sleep deprivation in the laboratory have
shown dcbilitating effects after prolonged periods of wakefulness. The

effects are not, hcwever, as obvious as one might expect. Whereas
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prolonged sleep loss clearly results in increased irritability, lapscs of
attention, increased sensitivity to pain, and eventually fine hand tremor,
diplopia, and drooping eyelids, it does xizot produce performance decre-
ments on short, well-learned, interesting tasks, nor does it inevitably

result in either profound psychopathology or gross neurological impair-

ment (see Johnson & Naitoh, 1974). Further, highly motivated individuals

-l o, el

are capable of maintaining relatively good levels of performance for some

time, but their functioning on boring, complex tasks requiring continuous

N 3 20
R Y
e <

attention inevitably shows progressively greater decrements (see Naitoh,
1969; Johnson & Naitoh, 1974). Similarly, in field studies of individuals
engaged in quasi-continuous operations, sleep deprivation e{fects (on

all but simple overlearned tasks) are evident relatively early, and can

become severe enough in three days to render the individual "militarily

ineffective" (Haslam, 1981)., Just as motivation in the laboratory can

sustain functioning for longer periods, camaraderie, leadership, and
good environmental conditions in the field can to some degree attenuate
the effects of sleep loss. Inevitably, however, positive mood declines,

errors increase, and overall effectiveness drops off.

T . . kAR

While there appears to be no way to adequately restore effective-

JeTE

ness without permitting individuals to sleep, there is an increasing

amount of data indicating thet short periods of sleep -- naps -- are dis-
proportionately effective in recovering or sustaining functioning relative
to cither no sleep at all (Lukin et al., 1976), or a single reduced period

oi sleep (Hartley, 1974). Naps have the advantage of more readily fitting

3
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within the time demands of quasi-continuous work schedules, and con-
sequently, we have proposed short sleep periods as away of precventing
the effects of sleep loss during sustained operations, However, we have
been impressed by the individual differences in not only the ability to
nap, but also in the consequences of naps for waking functioning, An
initial step toward investigation of napping in advance of sleep loss
demands a thorcugh understanding of the importance of individual sleep/
wakefulness patterns in relation to the consequences of napping (Taub,
1977), the volitional control of sleep onset, and the motivation to utilize
3 napping opportunity.

In this report we begin by providing an introduction to the problem
of sleep need and quasi-continuous performance demands, and the rolc
prophylactic napping may play in satisfying both aspects, as well as
outlining our research strategy for investigating napping ability and con-
sequences. We then review the reievant literature on napping, normal
functioning, and sleep loss, including both extensive lahoratory inves-
tigation:, as well as some very recent, highly relevant field studies
involving short sleep periods during continuous operations, and conclude
with an overview of the issues our work sought to address,

Our major study of individual differences in napping in an optimal

(sleep-conducive) and non-optimal (alerting) environment is then describe:i

in detail, including complete descriptions of the physiological, perform-
ance, subjective, sleep diary, circadian, and survey data collected

during the 30 days each subject participated in the study. TFollowing
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this are results concerning: the frequency of napping in yourg adults;
individual differences in napping ability and the consequences of nap-
ping; psychophysiological and behavioral aspects of control over nap
onset and the nature of naps; the immediate and delayed effects of naps
on performance and mood; the effects of sleep-conducive and alerting
environments on naps and their consequences; the circadian functions
r". of nappers and non-nappers; and the behavioral precursors of napping.
-

Most of these areas contain data bearing directly on hypotheses
we had proposed to understand the nature of naps and individual differ-

ences in sleep/wakefuiness patterns, Some earlier findings are replicated

and new results are presented which reveal intricate relations bctween

naps and waking function, The findings are discussed in light of the

A .ol

S literaturc concerning relevant theoretical and methodological consider-

ations, We conclude with a three-part discussion on: the implications

e ZoaYeatehe],

of our work for theories of sleep function, and problems of quasi-con-

tinuous operations; the consequences of napping and nap infrastructure

T

on subscquent functioning; and the relevance of the results on the con-

trol of nap sleep onset for the implementation of prophylactic napping.
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1I, INTRODUCTION

A, Review of the Problem,

- l. The Need to Sleep.
The need for sleep is universally acknowledged. With prolonged
sieep loss the individual feels subjectively fatigued, finds it extremely

difficult to remain awake cespite environmental stimulation, and even-

tually shows significant deterioration in performance. Even one day

without sleep can yield unpleasant consequences for most of us.

Like the nead for food, sleep is generally satisfied on a regular

daily basis, though different cultures may vary widely in the pattern by
which their members satisfy either.* While it may involve experiencing

discomfort and even hardship, it is possible to postpone the need for

m—
5 s A

food or sleep for some period of time. However, when this is done the

need eventually becomes prepotent and the individual will show an in-
creased tendency to satisfy it. If circumstances exist that continue to
make it impossible to do so, profound behavioral as well as motivational

changes typically result (e.g., Haslam, 1981).

L e L e L e e e ]

*As Rechtschaffen (1979) has pointed out, it is reasonable to
conceptualize the need for sleep as analogous to the need for food.
The consummatory nature of sleep is suggested by: "the ublquitousness
of sleep across species and within individuals; the periodic occurrence
of sleep; the effects of sleep deprivation; the reversal of deficits after
recovery of sleep; the correlations between sleep and fundamental bio-
logical parameters" (p. 3). Of course, the analogy between food and
sleep is strictly conceptual. In no way do we mean to imply that the
neurophysiological substrate of sleep is functionally similar to food
intake systems. Other investigators, especially Dement (1972), Webb

(1975), and Johnson, Naitoh, Moses, and Lubin (1977) have also ailuded
to such an analogy.
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The ability to ‘unction 15 the absence of sleep appears more
readily impaired -- particularly in regard to cognitive funstions -- than
is the case in the absence of food, but the parallel seems unmistakable,
However, a major difference does exist, While the basic functions of
food consumption and mechanisms of digestion have been increasingly
understood, the fundamental questions conceming the functions of sleep
have ren.ained unanswered,
Though the past 20 years have seen a remarkable proliferation
of sleep research -- with much being leamed about its neurophysiology,
the relalionship of drcams to sleep stages, patterns of sleep in a wide
variety oof circumstances and how they are affected by illness, drugs,
and environmental changes -- considerable speculation persists concern-
ing the purpose of sleep within the broader framework of adaptiveness
(Webb, 1979). Restorative or homeostatic theories of sleep suggest that
slecp scrves to provide physiological and/or psychological restoration
of conditions depleted by wakefulness (e.g., Moruzzi, 1966; Oswald,
1970; Hartmann, 1973); while adaptive or biorhythmic theories of sleep
posit that sleep is an innate organized behavior pattern that may serve
to kcep the organism from engaging in wake behavior at maladaptive
times (e.g., Webb, 1971; Snyder, 1972; Meddis, 1975).
slecp deprivation studies have been a common model for studying
the functions of sleep. While numerous slcep deprivation experiments
have documented the need for sleep, it remains unclear precisely what

physiological benefits, if any, sleep provides for the organism, What-
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ever occurs physio.iogically, however, its absence soon makes itself

felt, It is remarkable that a phenomenon as basic as sleep, clearly

]

evident cven in primitive organisms, has eluded clarification, Although
i. , it is now clear that sleep cannot be accounted for merely in terms of

rest (Kleitman, 1963; Webb & Agnew, 1974a; Lubin et al,, 1976), the

. inailenn

3 : basic biological functions of sleep remain obscure.

2+ The Study of Napping.

o Mt

.- While as scientists we share an intense intercst in the physio-

Jg——

- logical and behavioral functions of sleep, our interest in studying the

phenomenon also has a practical motivailon., We seek to better under-

P SE R SR

stand how sleep can be used most efficiently to facilitate recovery from

PR Iy

fatigue and maintain the effective functioning of normal individuals.

By asse:sing the relationships between sleep need, physiology, sub-

- i

jective comfort, and performance, we seek to address problems that we
view to be intimately related to questions concerned with the effective

functioning of soldiers during sustained operations, It is in this context

FRRICY T8 TS Fuige-epe P

tnat we have sought to pursue studies exploring the role of napping in
maijntaining performance and morale under circumstances that might
ordinarily yield deteriorations in both of these parameters as a rosult

of sleep deprivation.

s 4 Bl . Scans . e Wb

While conceptually the idea of increasing the efficient utilization

of sleep is appealing, and some research indicates that the gradual roduc-~

it el v AL i

tion of nocturnal sieep can allow individuals to continue to function effec-

i

tively for long periods with lass and apparently more efficient sleep, it
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seems clear that there are definite limitations to such an approach
(Webb & Agnew, 1974a; Mullanzy, Johnsor, Naitoh, Friedmann, &
Globus, 1977). It appears that it takes months for subjects to fully
adapt to reductions of only one to two hours in nocturnal sleep duration,
Thus, while the amount of sleep necessary for long term effective func-
- ; tioning can be reduced to a certain degree, the amount of reduction

possible appears to be quite limited. From the perspective of quasi-

continuous performance where relatively acute changes in sleep/waka-

fulness ¢ycles are demanded, this type of sleep discipline is likely to

have little utility, Further, it does not address the question of the

amount of sleep needed to function effectively and more or less contin-

uously for a matter of days or weeks,

'The epproach to maintaining effective quasi-continuous perfor-
mance that appears to be most promising to us involves the systematic
use of napping. From this perspective, the question emerges whether

it is necessary to obtain sleep in one continuous period, or whether

segmenting sleep time can serve to satisfy sleep need, Certainly there

RO JP

are many anecdotal reports of individuals functioning almost continually
for days at a time, apparently satisfying their sleep need with short
! naps: noteworthy examples are Napcleon, Thomas Edison, and Winston

Churchill, Similarly, a study.by Hartley (1974) has shown that subjects

e et | et BT ., LR s>

are able to function reasonably effectively for four consecutive days with

three 80-minute naps per 24 hours (versus one 4-hour sleep period per

ST

24 hours)., This finding lent support to our view that the effects of
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slecp deprivation could be ameliorated by permitting individuals to have

short naps,

3. The Concept of Prophylactic Napping in Relation to Quasi-

Continuous Performance.

We began our investigation into the potential of napping during

quasi-continuous performance demands by assessing the frequency and i
nature of naps in the young adult population (Evans & Ome, 1975; Evans, %
:“Tj Cook, Cohen, Orne, & Ome, 1976). These early studies revealed that g
the majority of military age normal young adults who nap, do so in part 4

to make up for an existing nocturnal sleep loss. Such individuals were 1
called roplacement nappers, since they napped primarily to compensate

or replace lost nocturnal sleep. At times these replacement nappers

P
il

appeared to anticipate future sleep loss by napping in advance of the

14
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L{‘ forthcoming night's reduced amount of sleep. These individuals appeared

E: to hu napping "prophylactically” to avoid the unpleasant effects of sleep |
"“., deprivation (Evans & Orne, 1975), Such observations contributed to a }*
g{‘] reconceptualization of how best to approach the problem of continuous ‘
l" performuance. Rather than seeking to increase sleep efficiency as such, ' §

A

it scemad most productive to focus instead on developing slecp flexibility,
The possibility of prophylactic napping suggested the need to
reconsi-ler how combat personnel might most effectively prevent the
chronic cffects of sleep deprivation, Traditionally it has been taken for
granted that combat personnel are in a chronic state of slecp deprivation,

and as a consequence will take advantage of any opportunity for slcep




that is available. Further, it has been assumed that they can disr .gard
physial and psychological circumstances that would normally make the
situation unconducive to sleep. Thus, they may nap despite danger,
the likelihood of sudden awakening at an undetermined time (often with
immediate demands to function at a high level of proficiency), and the
inability to either undress or to find a comfortable resting place, Simi-
larly, ncither the presence of noise nor light are sufficient impediments
to sleep for the exhausted individual., It is hardly surprising, therefore,
that the problem of sleep onset among combat parsonnel has received
scant attention,

Ns one considers the situation of combat personnel, it is typical
that they find themselves in a context which demands high levels of
alertness for certain periods of time, Ev-n when the need for a high
level ot activity and vigilance decreases and the immediate danger has
lessenel, the state of arousal persists for some time. Accordingly,
instead of using the slack period to obtain rest, personnel genetally
seek to alleviate the fear and anxiety by supportive social interaction,
Further, the anticipation of forthcoming combat also serves to maintain
arousal during these slack periods, until there is another operational
demand [or a high level of activity -- though this may be some time in
the future, This cycle of high activity and stress alternating with periods
of low activity, but high arousal, due to the expectation of impending

dangaer, characterizes sustained combat opcrations,
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These circumstances provide no desirable vpportunities for sleep
in the sense that the individual remains continuously aroused; there is
an implied presence of danger, an absence of quiet, dark, and comfort-

| able private surroundings, and a group ethos against napping, all of
which contrive to prevent personnel from sleeping until they have become

thoroughly exhausted, Only then are intermittent periods of low demand

4 utilized for sleep. In a sleep~hostile context, sleep opportunities are

#. not usually taken advantage of, largely because most of us have been
i‘ trained not to sleep unless the circumstances are conducive or extreme

fatigue demands it., Consecuently, combat personnel take advantage of

all opportunities for rest only after they have developed a chronic sleep

deficit with all its attendant effects on morale and performance,

On the other hand, if personnel were trained to use any oppor-

e . el o bl

tunity for short periods of sleep prior to and during combat situations
| before they have become sleep deprived, the debilitating effects of com-
. bat that are mediated by chronic sleep deprivation might be avoided --

allowing personnel to function in the field more effectively over a much

longer period of time,

IS

The important point is to prevent, or at least postpone, the

RESETY

development of sleep debt as much as possible. That is, although the

loss of 4 night's sleep can usually be managed by most individuals, the

o aTa T

loss of o night's sleep to an individual who is already sleep deprived is
likely to result in profound performance decrements. We regard the abtlity

to obtain sleep in non-conducive situations (in the absence of extreme
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fatigue) as the basic skill underlying prophylactic napping. While a
few individuals practice this skill, we believe that many other inaivid-
uals can also learn this skill with appropriate training,

4. Systematic Research Needed to Operationalize the Concept

of Prophylactic Napping.

In addition to fundamental questions about the ability to store
sleep even for short periods, we believe that prophylactic napping has
not hithartofore been considered for most military applications for several
reasons: (1) not all individuals can readily go to sleep -:will, and
thus, most fail to utilize sleep opportunities until they are exhausted;

(2) environment il conditions are often deemed unsuitable for sleep;

(3) stress and anxiety over well-being and future demands serve to
inhibit sleep; (4) individuals stay awake because of the need to function
effectively almost instantaneously, since any period of confusion imme-
diately on awakening from sleep seriously interferes with performance.

The thrust of our current research, therefore, has focused on
providing information concerning the factors thought to preclude prophy-
lactic napping. The first studies involved assessing the frequency of
napping by young adults; the individual differences in napping ability
and the benefits derived from napping; behavioral, physiological, and
psychological aspects of habitual nappers and non-nappers, including
circadian rhythms; the effect of naps on performance both at awakening
as well as some time later; and the effects of sleep-conducive and

sleep~hostile environments on the ability to nap and derive benefits

i A A S W s v s S L ot A " Y e AT 0 i, . et it s R i o SR . i B s A A . i R o, "] it




13.

from it. The bulk of our findings from these studies are contained in
subsequent sections of this report.

We believe the data we present in this report provide important
and new information on the nature of nap sleep, and its relationships
to fatigue and effective functioning. Before detailing our studies and
results, however, it is appropriate to review the scientific literature
concerncd with sleep, sleep loss, naps, and effective functioniﬁg in

both laboratory and field studies,

|
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B. Review of Relevant Literature.

1. The Natural Qccurrence of Napping.

Sleep length and schedules are subject to large individual dif-
ferences in adult populations. While within individuals the length of
nocturnal sleep during the first half of adulthood is relatively constant,
averaging a decline of about 30 minutes from 18 to 50 years of age (Tune,
1969; Webb, 1971), there is considerable variation among adults' sleep
requirements. For example, Webb (1971) found that slightly more than
half of over 4,000 college students averaged nightly sleep durations
either longer or shorter than the normative 7 to 8 hours. Such varia-
bility in adults' sleep length is even more conspicuous when napping
is considered,

Napping appears to be a particularly ccmmon way by which young
adults of military age, with flexible schedules, complement their noc-
turnal sleep, Depending on whether surveys or sleep logs are used,
and how the questions are asked, between 50% and 85% of the college
population nap at least once a week (Lawrence, 1971; Webb, 1975;
White, 1975; Evans, Cook, Cohen, Orne, & Orne, 1977; Y.unken, 1977).
Such a high occurrence of napping in these studies of college students
is especially important since college students generally have time
schedules that are more flexible -- in terms of scheduling sleep -~
than the typical 9 to 5 work environment, Among young adults who do
nap, afi xrnoon naps are the most common, and the average duration is

gencrally from one-half hour to a little over an hour,
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Approximately 45% of the young adult population we surveyed in
an earlier study (Evans & Orne, 1975) reported napping rarely or never.
Most of these non-nappers report that they do not nap due to lack of
available time. In this regard, it is worth noting that Webb (1975) re-
ported 2 low frequency of napping in a 20-year-old non-college waorking
population. These data seem to indicate that the likelihood of napping
in young adults is primarily affected by the opportunity for this activity
during . king hours.

While napping is common in young adults, it is not uncommon
even ir the mid-adulthood working population, Forexample, froma study
of 509 British adults who maintained sleep charts for 56 days, Tune
(1969) reported the mean number of naps across the 8 weeks averaged
between five and seven for 40~ to 60-year-old adults. Nap frequency
increased to well over once a week as age increased to 80 years old,

Napping, therefore, appears to be a natural part of many adults'
sleep regimes, especially when schedules permit it, There are, how-
ever, some important differences we have found between individuals in
the purposes served by napping. Two primary reasons for napping seem
common: (l) napping to compensate or replace sleep loss; (2) napping
for rcasoﬁs apparently unrelated to sleep need. Naps that serve to re-

place slcep loss are replacement naps, while naps unrelated to sleep
need are termed appetitive naps (Evans et al,, 1977). Both types of
naps have implications for theories of sleep, as well as for the appli-

cation of napping to problems of sustained operations.
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i1, Replacement naps. Napping to supplement the sleep debt as

a result of missed nocturnal sleep is the most common reason for napping

[ . in approximately 75% of all military-age young adults who nap at least
| once a week, These nappers report that their naps are satisfying, and
! they nap only when they feel tired. Sleep diary data are congruent with

this claim, and reveal that they nap either after experiencing a shorter

than usual night's sleep, or sometimes in anticipation of sleep loss

(Evans & Orne, 1975; Evans et al., 1976). The implication is that

naps serve to compensate the individual for lost sleep.

Replacement napping clearly suggests that naps serve a restora-

I s il .

tive function, be it physiological or psychological. Such a suggestion

is an extrapolation of a homeostatic or restorative theory of sleep; that

is, napping is seen as reducing the nead to sleep, and replenishing the

potential for sustained wakefulness., This perspective predicts that nap
frequency should be negatively related to the length of nocturnal slecep

(such that shorter nocturnal sleep is associated with napping); and that

SOOI L T T

the bulk of individuals who nap should do so only when they feel tired

due to a truncation of typical nocturnal sleep.

i | s in” Mttt .

Our initial survey and sleep diary data provide some confirmation

of the latter prediction, and other research lends additionai support for

!
|

napping in relationship to sleep debt., White (1975) and Evans and Orne
(1975) found that the frequency of daytime naps in college students is
indecd negatively correlated with the length of their nocturnal sleep,

and positively correlated with the variability of their nighttime sleep.
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Similarly, studies of nightshift workers find that while they have de-
creased amounts of continuous morning sleep (the time of day they
typically sleep), they also have an increased number of afternoon naps
(Tepas, Stock, Maltese, & Walsh, 1978),

Thus, it appears that among individuals who nap, the most
common reason is to replace lost sleep. While nearly three quarters
of all young adult nappers nap primarily for this reason, and though we
believe all nappers are capable of replacement napping when necessary,
there appears to be a significant minority of nappers who frequently nap
for reasons unrelated to sleep need,

b. Appetitive naps. Among habitual young adult nappers, about
25% reprrt napping even when they do not feel tired; that is, they appear
to nap .ccreationally, Their sleep diaries confirm that they nap regard-
less of previous or subsequent night's sleep (Evans & Ore, 1975). Wec
have reforred to these subjects as appetitive nappers, since they nap
frequent!y and not primarily for restorative purposes.

Appetitive napping seems to fit more readily under an alternative
theory ct nap sleep function, namely, that napping is an aspect of an
endogenous biological rhythm, and as such it is unrelated to sleep need
reduction, In fact, Webb (1978a) has speculated that the endogenous
sleep/wakefulness cycle is biphasic, that is, consisting of two sleep
periods: one long nocturnal period, and a sccond brief afternoon period.

As with nocturnal slecp, he argues that naps are a behavior control,

3
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only in this case they aid the organism in avoiding the "torrid heat of

midday." (Webb, 1978a; p. 316).

Webb (1978a) supports his claim for naps being an aspect of a
circadian oscillator by noting studies showing that napping is a highly
prevalent part of young children's (Reynolds & Malley, 1933) and older
adults' (Webb & Swinburne, 1971) sleep as well as the majority of young

college adults' sleep (White, 1975); that adults can readily go to sleep

between 2 and 5 p.m. (Walker, 1972); that individuals in a time-free

environment have a tendency to nap (Webb & Agnew, 1974b); that there

bt Y el

is a predictable post-lunch performance decrement indicative of a "non-

responding tendency" (Hockey & Colquhoun, 1972); that many animal

species reveal intermittent or nap-like sleep (Ruckebusch, 1972); and

that napping occurs in many human cultures and appears to be unlearned,

This theory sees nap sleep as appetitive, in the same way that

R ST

sexual bchavior is appetitive: it can be enjoyed, but if unavailable it
is unlikcly to damage the organism. While this may be the case, it is
important to note that this may hold for naps only as long as adequate

nocturnal sleep opportunities are available. When, as in the case of

3
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quasi~continuous performance, nocturnal sleep opportunities are cur-

sl

tailed, nap sleep may be an effective means of avoiding the debilitating
effects of sleep deprivation. While Webb (1978a) concurs that replace-

menl naps are related to sleep debt, he does not believe that sleep debt

T o et e et e

causcs the naps. Rather, for Webb, naps in the facc of sleep debt reflect an
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increased sensitivity in an innate biological response system, namely,

to sleep at midday.
Although appetitive napping appears to be unrelated to feelings

of fatigue and nocturnal sleep need, it is possible that its refreshing

effects are more a function of the cognitive changes associated with a

period of non~wakefulness. That is, the appetitive napper may nap for

cognitive benefits rather than physiological requirements, and such a
nap may relate more to the functions served by taking a brief break
(during wakefulness), than to the functions of sleep per se, Viewed in
this way, the appetitive nap need not be part of an endogenous sleep/
wakeafulness cycle, but rather a coping mechanism uti'ized during pro-
longed periods of waking functioning,

Regardless of the teleological reasons for napping, current data
show that there is a high incidence of napping in military age adults,
particularly when work schedules permit it, and that most naps phenom-
enologically fulfill the individual's desire for sleep and aid in feelings
of recovery from fatigue. While the theoretical issues continue to be
important, the practical question of whether naps can be used to facili~
tate effoctive functioning in individuals otherwise deprived of desirable

sleep opportunities remains to be determined,

2. Napping and Effective Functioning,

A number of studies of napping in relation to cffective functioning

have recently yielded information on the potential of naps to maintain

or improve performance and mood. The questions addressed by these
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investigations concern whether naps improve mood and functioning in
non-slecp-deprived nappers; whether naps provide nappers with bene-
fits beyond what bedrest might provide non-nappers; whether a few
short naps are as effective as one continuous period of sleep in main-
taining functioning; and whether naps are more effective in maintaining
performance than bedrest and exercise over a 40-hour period,

a., Performance and mood following naps in non-sleep-deprived

adults, Taub, Tanguay, and Clarkson (1976; see also Taub, 1977)
assessed habitual nappers' simple auditory reaction times and subjective
ratings of activation (mood) 20 minutes before and after 1/2-hour and
2~-hour afternoon naps and a 2-hour wake control period. They found
that relative to the control period of no sleep, nappers performed signi-
ficantly faster on the reaction time task, and reported significantly
greater activation following the naps, leading the authors to infer "that
there is an identifisble increase in behavioral and subjective efficiency
assoclated with customary episodes of afternoon sleep” (p. 216). They
suggestcd that since their results were neither due to nap length (1/2-
hour and 2-hour naps yielded similar improvements) nor to specific sleep
stages within the naps, the increased capacity following naps was probably
associated with the maintenance of a sleep/wakefulness cycle that in-
cluded rugular afternoon naps. Such a view would predict that just as
habitual nappers derive benefits from naps, habitual non-nappers should
derive ponefits from afternoon waking bedrest, but not fiom naps. The

critical variable in such a prediction is maintenancs of the typical

.
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sleep/wakefulness cycle. For habitual nappers this includes napping,
while for non-nappers an equivalent period of waking rest should be as
helpful ar a nap is for a napper.

Recently, Bertelson (1979) tested this hypothesis as well as
attempting a replication and extension of the Taub et al, (1976) study.
She had 20 habitual nappers and 20 habitual non-nappers complete audi-
tory and visual reaction time tasks, a cognitive addition task, and mood
adjective checklists before and after a 1~hour nap period for the nappers
and a l-hour wake bedrest period for the non-nappers. She found that
both groups experienced significant improvements in positive mood from
pre- to post-nap, but neither group showed significant improvements in
any performance parameter, Thus, her data suggest that in terms of
mood, bedrest is as boeneficial to non~nappers as napping is to nappers.
While Bertelson's (1979) data suggest that the benefits from napping
observed by Taub et al., (1976) might be due to maintenance of a regular
sleep/wakefulness cycle (regardless of whether it includes napping or
non-napping), additional napping data from Taub, Hawkins, and
Van de Castle (1978) indicate this may not be the case.

Using a design similar to earlier work, Taub et al. (1978) had
nappers nap at two times of the day, 180° out of phase with each other,

Following both morning (0935-1135) and evening (2135-2335) naps, their

habitual nappers again showed the predicted increments in simple reaction

time performance, and improvement in mood relative to wake control peri-

ods at the same time of the day. Their subjects were habitual nappers
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who reported napping at irregular times of the day. It is difficult to sce
how these data, juxtaposed with earlier findings (Taub et al,, 1976),
support the value of maintaining a regular sleep/wakefulness cycle,

An alternative interpretation would be that naps increase the effective
functioning of nappers regardless of when, during the daytime, they arc
taken,

Nevertheless, a number of questions remain concerning the effect
of napping versus not napping on non-sleep-deprived nappers and non-
nappers. Except for our original work (Evans & Orne, 1975) described
below, no study has yet compared performance, mood, sleepiness, and
physiological characteristics of confirmed nappers and non-nappers dur-
ing both wake (control) periods and various laboratory nap conditions,
in order to determine what aspects ~f napping and not napping are asso-
ciated with consistent individual differences in napping behavior and
the ability to derive benefits from naps. Moreover, we know of no study
reporting data on the sleep/waking patterns and circadian patterns of
both nappers and non-nappers.,

b. Napping versus short sleep and no sleep. While studies of
non-slecp-deprived nappers and non-nappers should provide some under-
standing of individual differences in napping patterns and the benefits
of napping, such studies do not specifically address the practical
question of whether napping can be more eftective in maintaining func-
tioning than either a reduced continuo .s sleep period or no sleep at all,

Somec recent laboratory studies have investigated these issues,
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Hartley (1974) compared signal detection performance on a vigi-
o : lance task (known to be sensitive to sleep loss) over four days for sub-
i . jects on three different experimental sleep/wakefulness regimes: one

continuous 8-hour sleep period per day; one continuous 4-hour sleep

period per day; and three 80-minute nap periods during each day. He
found that while both the nap group and the 4-hour continuous sleep
groups performed below the 8-hour (no sleep loss) group, the 80-minute
nap group performed better than the 4-hour group, and in some ways
(e.g., false alarm rate) the nap group was similar to the 8-hour group.

Since the nap group and 4~-hour sleep group averaged the same

1
|
%
!

amount of total sleep time per 24-hour period, * and the nap group out-

o kS

performed the 4-hour group, it seems reasonable to conclude that the

napping regime is a more desirable alternative for maintaining function-

et - sl

ing than allowing the same amount of reduced continuous sleep, Hartley
(1974) attributed the superior performance in the nap group relative to
the 4-hour group to the fact that the distribution of sleep (albeit only

80 minutes at a time) into three periods of the day served to reduce the
amount of prior wakefulness between sleep episodes and thus maintain
the vigilance response criteria typically used by individuals whe are

not sleep~deprived.
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*This is conservative, since logically, three periods of sleep
onsct in the 80-minute group is likely to have shortened their total
sleep time (per 24 hours) relative to the 4-hour group.
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A totally sleep-deprived group was not included in Hartley's
(1974) study, and thus, it is unclear how much better the nap group
and 4-hour sleep group performed in comparison to a no sleep group.
Lubin et al, (1976; see also Johnson et al,, 1977), however, compared
a fragmented or napping sleep schedule during 40 hours to both bedrest
and exercise sleep-deprivation conditions. The nap group was allowed
to sleep 60 out of every 220 minutes, while the bedrest group rested
and the exercise group exercised during the 60 minutes,

Relative to the sleep-deprived groups, the nap group showed no
impairmant on six of eight measures, including a vigilance task, an
addition task, mood, and oral temperature, This ls especially impros-
sive since the nap group had no continuous period of sleep beyond an
hour, and averaged only 3.7 hours total sleep out of 24 hours. Further-
more, the nap ¢roup did not show an alteration of the infrastructure of
nocturnal sleep on the recovery night, while the bedrest and exzrcise
groups did; leading Moses, Hord, Lubin, Johnson, and Naitoh (1975) to
concludn "that naps presumably have some recuperative value, at least
in terms of preserving the normal amounts and distribution of sleep stages
during rocovery sleep (p. 632)," This is important, since many studies
assuss Lhe efficacy of fragmented ("napping") sleep regimes solely on
the bhasis of the amount of alteration in recovery sleep, presumably
indicative of sleep debt accumulation, rather than directly assessing

periormance (e.g., Weitzman, Nogiere, Perlow, Pukushima, Sassin,
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McGregor, Gallagher, & Hellman, 1974; Carskadon & Dement,
1975).*
o Thus, it appears that, at least within the laboratory, napping
| can serve to maintain a level of functioning significantly above perform-
ance after bedrest without sleep, exercise without sleep, and a reduced

single poriod of sleep. In order to appreciate how effective napping

might be in a quasi-continuous perfcrmance situation, it is necessary
to examine what is known about sleep deprivation, and the efficacy of

short sleep periods to sustain functioning in field situations,

3. The Effects of Disruption of Sleep/Wakefulness Cycles.

There are three broad ways in which the typical 1 to 2 ratio of

k the sleep/wakefulness cycle is likely to be disrupted during quasi-

continuous performance. These involve displacing the sleep period

Ei; to any part of the 24 hours outside of its normal placement time (dis-
';3 placed sleep); truncating the absolute amount of sleep available by
=

™
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. limiting sleep length and/or sleep opportunities {partial sleep loss);

and cliniinating sleep altogether (total sleep loss).**

el i Y

1. Displaced sleep. Taub and Berger have published numercus

papoers agssessing performance and mood following acute variations in

*Bonnet (1980) has provided some evidencao that recovery sleep
infrastructure changes may be more related to slecp loss than perform-
ance and mood alterations.

**Wea recognize that these categories are to some extent opera~
tional distinctions that need not be mutually exclusive. For example,
displaced sleep can result in partial sleep loss,
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in the monophasic night sleep patterns of young adults (e.g., Taub &
Berger, 1973a, 1973b, 1974a, 1974b, 1976a, 1976b; see also Taub,
1978). Their findings indicate that displacing, shortening, or length-
ening nocturnal sleep produces decrements in vigilance and addition
performance, and increases negative mood states., Unfortunately, and
somawhat surprisingly, they excluded from their experiments subjects
with a history of daytime napping -- the very individuals who would be
most likely to have the ability to utilize napping to compensate for the
nighttimo sleep alterations. Moreover, a recent investigation by Knowles,
Cairns, and MacLean (1978) failed to replicate the vigilance performance
deficits found for the displaced sleep conditions, though they were able
to show the expected time~of-day effects on performance and sleep infra-
gtructure,

insofar as the Hartley (1974) and Lubin et al, (1976) studies
also involved performance assessments following displaced and frag-
mented (napping) sleep they provide information in this area. Thesec
studies raveal that while slight performance deficits may accompany
the Jdisplaced sleep regime, the overall performance and mood of the
napping groups was well above that of subjects undergoing various
forms of reduced continuous sleep and total sleep deprivation,

e Total sleep logss, Though the subjective, emotional, and

performance effects of total sleep loss (no sleep from 24 to 240 hours)
are universally acknowledged, it has been difficult to document these

changes because of the complexity of motivational variables that maximize
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performance when an individual is the subjact of a relatively brief test
‘ in a psychological experiment (Willlams, Lukin, & Goodnow, 1959),
L The effects of total sleep deprivation on performance have been effec-
| tively reviewed by Naitoh (1969), and subsequently updated by Johnson
| and Naitoh (1974)., In general, there are complex interactions between

| the total amount of deprivation and the kind of tasks employed to meas- *
t

ure performance impairment,

g ' Performance impairments consist mostly of lapses in responding,
yielding decreases in speed or accuracy or increased variability of
responsc (Williams et al,, 1959; Naitoh, 1969), Long, complex vigi-
lance tasks have usually been most effective at demonstrating these

{ lapses (Wilkinson, 1968); but tasks involving a heavy load on short

e Btk i i B il 1 BT

. - term memory (Williams, Gieseking, & Lubin, 1966), and reaction time

¢ 29 s
.

measures have also proven to be sensitive to prolonged sleep deprivation,

-
.

o More recently, short (L0-minute) serial and choice reaction time

tasks have been found to be sensitive to as little as one night's sleep

deprivation (Lisper & Kjellberg, 1972; Glenville, Broughton, Wing, &
wilkinson, 1978). Of course, the traditional long, complex tracking-
vigilance tasks have also been documented to reveal performance impair-

ments after only one night's sleep loss (Wilkinson, Edwards, & Haines, |

ke T A G AT kP ¢ Aoamo

1966; Ilockey, 1970; Hord, Lubin, Tracy, Jensma, & Johnson, 1976;

Collins, 1977; Glenville et al,, 1978), as have subjective estimates
of sleepiness and mood states (Hoddes, Zarcone, Smythe, Phillips, &

Dement, 1973; Moses, Johnson, Naitoh, & Lubin, 1975; Roth, Kramer,
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& Lutz, 1976; Glenville & Broughton, 1978; Maltese, Walsh, & Stock,
1978). Subjective feelings are important indicants of sleep loss since
they generally occur before decrements in performance or in physiologi-
cal and neurological functioning can be documented, and thus may serve
to reveal subtle sleep debt accumulation.

<., Partial sleep loss, While it is clear that man does not function

well with prolonged total sleep loss, it is less clear what the effects on
subjective well-being and performance are when a person is subjected to
acute or chronic partial sleep deprivation (Johnson & Naitoh, 1974),
This is especially relevant, since even if prophylactic napping were
used during quasi-continuous performance, some partial sleep deprivation
would siill occur, though prolonged total sleep loss would be avoided.
I'rom our perspective, partial sleep deprivation studies are rele-
vant insofar as they provide an approximation of how effectively short
periods of sleep maintain performance., The partial sleep deprivation
literature includes studies of both gradual and abrupt restriction or frag-
mentation of sleep schedules, and the theoretical perspectives that moti-
vated these studies are as varied as the designs employed, * Across
studies of gradually reduced nocturnal sleep (Johnson & MacLeod, 1973;
Mullaney et al,, 1977); abruptly reduced nocturnal sleep (Webb & Agnew,
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*Other partial sleep loss studies have been concerned with de-
priving individuals of specific stages of sleep., These studies do not
appear relevant to our concerns, As Johnson (1973), after summarizing
the available literature, aptly concluded, there is little evidence that
waking performance bears any direct relationship to specific sleep stages,
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- 1965; Wilkinson et al,, 1966; Hamilton, Wilkinson, & Edwards, 1972;
; Webb & Agnew, 1974a); fragmented sleep (Curtis & Fogel, 1972; Lubin

et al., 1976); and combinations of fragmented and reduced sleep (Rutenfranz,

’ Aschoff, & Mann, 1972; Hartley, 1974) results consistently indicate that '

most performance can be maintained with 60%~70% of the usual amount o¢

daily sleep, even when this limited sleep is obtained in short fragmented

#} periods. Moreover, with less than half the amount of usual sleep, perform-

ance is not halved but generally maintained at or near full capacity. There

are, however, broad individual differences in sensitivity to partial sleep

loss, particularly with regard to the length of time individuals can maintain

T T Y )

adequate performance and morale on reduced sleep schedules.,

4. Studies of Napping during Simulated Continuous Military

Qperations.

Recently, studies have begun to appear that involve assessment of

[y
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effective functioning during many days of sustained military operations for
individuals experiencing total and/or partial sleep deprivation (Francesconi,
3tokc:s, Banderet, & Kowal, 1978; Opstad, Ekanger, Nummestad, § Raabe,
1978: Bugge, Opstad, & Magnus, 1979; Haslam, 1981).* What makes
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*We have opted not to review the field studies of continuous \
operations for 1 to 2 days (Banks, Sternberg, Farrell, Debow, & Daihamer,
1970; Haggard, 1970; Ainsworth & Bishop, 1971) because the length l
of operations in these studies is relatively brief, and the results reveal |
that for 48~hour periods, personnel are able to motivate themselves to
perform many military tasks effectivaly, though individual diiferences
in ability to withstand this acute deprivation are important. Our interest
in the recent studies stems from their more realistic duration and the

extent of the measures taken.
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these recent studies especially interesting is that they involve mili-
tary personnel as subjects engaged in military performance in a field
setting designed to simulate various forms of continuous operations,
Though these investigations do not specifically address the efficacy
of prophylactic napping, they nevertheless provide important field
data on the performance, mood, morale, general functioning, and
tolerance of personnel to sleep loss, and various restricted sleep
regimes. The results of these studies closély parallel and confirm
what has thus far been reviewed regarding the effects of altered sleep/
wakecfulness reqgimes on functioning, but further dramatize ‘he effec-
tiveness of short periods of sleep toward maintaining periormance
during sustained operations,

Opstad et al. (1978) assessed performance (vigilance, reaction
time, code test, sorting test, command memory, shooting test), mood
(Profile of Mood Stages), and clinical symptoms in 44 young male
cadets of the Royal Norwegian Military Academy participating in a
ranger training course, Two strenuous combat courscs, one 4 days,
and the other 5 days were carried out with three groups in each exer-
cise: a total sleep loss group, a group allowed 3 hours sleep in
the middle of each course, and a group allowed 6 hours sleep in
the middle of each course, The 4-day course amounted to 92 hours
of sleep deprivation for the no sleep group, 89 hours for the 3-hour

sleep group, and 86 hours for the 6-hour group. The S5-day course
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involved the same amounts of sleep deprivation plus an additional 24
hours, *

Relative to the total sleep loss group, the groups allowed a
little sleep in the middle of each course showed significantly fewer
performance and mood deficits following their brief sleep, with the
6-hour group doing somewhat better than the 3-hour group. Of
course, even in the groups allowed only a few hours sleep in 4 days,
performance was generally below baseline levels, Nevertheless, in
terms of effective functioning, even a small amount of sleep appeared
to be clearly advantageous compared to no sleep at all, Bugge et al.
(1979) have recently replicated these findings, again using Royal
Norwegian Military Academy cadets undergoing a ranger training
course, and further found very high correlations (> ,80) between
mood and cognitive performance (for group mean data) during sleep
deprivation, suggesting that mood is a good predictor of performance
rhythm (circadian) under stress (sleep loss, heavy physical work,

and caloric deficit).
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*Interestingly, the authors of this paper comment that "the cadets
managed to get short naps estimated by the cadets themselves to amount
to 1-3 hours totally, during the course" (p. 1066). While the authors
do not provide data on the occurrence and length of these naps in the
totally and partially sleep-deprived groups, it is likcly that the cadets,
once they were thoroughly exhausted, utilized napping when possible
to adjust to the continuous performance demand of the combat course,
One can only speculate how much more effective their functioning would
havae been if they had been trained to use every sleep opportunity for
prophylactic napping even prior to becoming extremely fatigued.
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Haslam (1981) has presented data on two fiecld studies conduc-
ted with the British armed services. The first of these involved 68

members of a parachute regiment (mean age 21 years) divided into three

|

E groups: a no sleep group, a group allowed 90 minutes of sleep evaory
[ 5 24 hours, and a group allowed 3 hours of sleep every 24 hours, The
13

first field study required the soldiers to perform 5 exercises for 9 con-

secutive days, during each of which a defensive position was prepared

_ et e g

and occupied, Data included: military tests (vigilance shooting, group-

B o Z sl

ing capacity, weapon handling), cognitive tests (encoding/docoding,

map-plotting, short term memory, logical reasoning, Stroop Test), visual

SEDPES N

acuity tests, EEG and assorted physiological and biochemical measures,

4 and subjective ratings of mood, sleepiness, military effectiveness, atc,

(by both the participants and observers), Soldiers could withdraw them-
selves from the exercises at any time and could be withdrawn if they
were judged by physicians to be unfit to continue.

By the fourth day of the 9-day study, all of the totally sleep-
deprived soldiers had withdrawn from fhe exercise, unable to continue,
Half of the 90~minute sleep group made it all the way to day 9, compared
to most (91%) of the 3-hour sleep group. The total sleep loss group had

profound decrements in vigilance shooting, weapon handling, all of the
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cognitive tasks, as well as flattened circadian curves, intense sleepi-
ness, negative mood, and an EEG indicative of unavoidable light sleep
onsct episodes. By day 3 without sleep they were judged by the observers i

to be militarily ineffectivel
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In contrast, the 90-minute and tne 3-hour sleep groups were

less impaired on vigilance shooting and encoding tasks, had no weapon

o handling impairment, and experienced less sleepiness and more positive

| mood, This is especially impressive, since most of these subjects com-
o
| pleted the full 9 days on the reduced sleep schedule. Their morale stayead

fairly high, and they were judged to be generally militarily effective for

the bulk of the 9 days. Not only did more of the 3-hour sleep group finish

the study, but they also experienced less sleepiness, However, their

performance on the military and cognitive tasks was not above that of the

90-minute sleep group. It would have been particularly interesting had

St - A .. ¢ A i iy,

the study included a group allowed 90 minutes of sleep twice a day (3
hours per 24 hours). Hartley's (1974) data would suggest such a group
miyht do better than either of Haslam's (1981) reduced sleep groups,
though, as Naitoh (1981) has shown, it might depend on where in Lhe

circadian cycle these sleep periods are taken,

In a second study, Haslam (1981) attempted to create a situation

aven more realistically approximating that found in continuous military
operations, While the study again involved young soldiers engaged in
a tactical tield exercise (defensive position), this time, enenmy soldiers

werc countered, and all subjects experienced the same sleep/wakcfulness

ST N e G2 e D i M el " " il il R . driral

regime -- 3 and 3/4 days without any sleep, then 4 hours of sleep a day
for 5 and 1/4 days. The measures employed basically consisted of the
various military, cognitive, physiological, and subjactive measures used

in the first study. The question this study sought to answer was whether
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| a reduced sleep schedule could compensate for tiie effects of prior total
sleep loss.

The results showed that soldiers experienc=d the expected dete~-

rioration in performance and mood after 3 days without sleep, and that
overall 4 hours of sleep per 24-hour period could indeed réverse most of
the debilitating effects of prior sleep loss, After a day or two with 4

hours sleep, performance improved significantly, unscheduled (uncon-

F": trolled) sleep episodes diminished, and alertness increased, Observers

H
i
N
4
¢

rated soldiers' military effectiveness as significantly improved following

L

| ' the 4-hour sleep periods. These findings wre rather convincing evidence

Cresia i

that within an individual, sleep deprivation effects can be created by

total slecp loss, then amelioraied with less than a full quota of sleep,

Rl et

Taken together, these field studies during continuous tactical

operations provide a remarkably consistent set of data that agrees with
extensive laboratory work on the effects of total and partial sleep loss, X

3
llowever, a number of additional points are made by the military studies j
that serve to emphasize the profound psychological consequences of
sleep loss during continuous operations, as well as the interaction of ‘
both exogenous and endogenous forces with the effects of slecp loss,

a, Exogencus factors interacting with sleep loss effects during

quasi-continuous operations., For a sleep-deprived soldier engaged in

continuous operations, environmental factors can clearly increase or
reduce the cffects of sleep loss. For example, Haslam (1981) found

that most of the soldiers who dropped out of the first study did so on the
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day it rained continuously, feeling they could no longer function effec~

tively (rain gear was not provided).* Conversely, cognitive performance
improved after sleep~reduced subjects were allowed to dry out and warm
up.

Similarly, aspects of the environment that would usually be con-
sidered fairly trivial become relevant to the mood of fatigued soldiers
during sustained operations. In the second of her investigations Haslam
(1981) observed that subjects' Total Mood Disturbance scores wcre lowest
the day they were told the washing tacilities were broken, leading Haslam
to remark "that the withdrawal of a privilege from a tired soldier can re-
sult in a doterloration in mood far greater than that induced by sleep loss
itself (p. 56)." Thus, minor issues come to loom large and can have
profound effects on the sleep-deprived soldiers' attitudes, even in the
context of an otherwise well~integrated unit with unusually high overall
morale,

The presence. and behavior of leaders can, to some degree, also
serve to enhance or attenuate sleep loss effects on mood and perform-
ance. Perhaps not surprisingly, Haslam (1981) noted that totally sleep-
deprived soldiers were more likely to drop out of a study after the Platoon
Commander dropped out., Conversely, the visit of a VIP to the shooting
rango during testing following 3 days without sleep was associated with
an upswing in performance scores that day, presumably due to increased
alertness, Finally, Haslam (1981) noted that a relaxed leadership style
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*Severe temperatures are also important in this regard.,
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emphasizing exhortation rather than commands was the best way to deal
with tired soldiers suffering the cumulative effects of sleep loss.

Thus, there appears to be good evidence that in the field, axog-
enous factors can, at least for brief periods, exacerbate or attenuate
the pervasive effects of sleep loss on performance and mood, Though
variables outside of the subject are important to understand, their effects
ara nevertheless likely to be more transient than endogenous factors.,

b. ELndogenous factors interacting with sleep loss offects during

quasi-continuous operations. There are a number of known endogenous
parameters that can affect mood and performance and when they are con-
sidered in the context of sustained operations, their effects can interact
with those of sleep loss. Circadian fluctuations in physiological, behav-
ioral, and subjective measures are among the more pervasive internal
factors capable of potentiating the effects of sleep loss (Johnson & Naitoh,
1974), While circadian dips in performance, for example, normally occur
between 0300 and 0600 hours (Hockey & Colquhoun, 1972), they are
strikingly more consistent during total sleep loss. Partial slcep loss
due to fragmented sleep, on the other hand, does not appear to alter these
circadian effects beyond their normal influence (Curtis & Fogel, 1972;
Moscs, Lubin, Naitoh, & Johnson, 1978),

Field studies also confirm the relationship between circadian
variations and sleep loss effects, Haslam (1981) found that most cog-
nitive performance benefited from 4 hours sleep. Logical reasoning,

however, showed some impairment that was greatest at 0545 hours,

Y
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suggesting an unavoidable circadian dip. Bugge et al., (1979) specifically
studied circadian rhythms in mood and performance in cadets undergoing
sleep deprivation during a ranger training course. They noted that during

- the rangor course, relative to baseline and recovery periods, performance

and mood declined and circadian variations were more pronounced (40%

versus 30%-~20%) as sleep loss progressed. They suggested “that the

mixed effects of sleep loss and physical exhaustion potentiate the fluc-
tuations of natural circadian rhythm (p. 667),"
Naitoh (1981) recently reported a study assessing the effects of :

sleep loss, and naps taken at different times of the circadian cyelae, on

RS

L : mood, physiology, and performance in young sailors. After 45 hours

Ny without sleep, a 2-hour nap from 0400 to 0600 was followed by diminished

ettt

functionine and negative mood, that appear to be primarily associated

[

with normal circadian drops at such hours. In contrast, naps taken from
1200 to 1400 produced improved functioning on some parameters, and did
not yield the kinds of performance decrements found for naps taken during
the circadian trough. Such data suggest that, at least for siecp-deprived
individuals, naps taken during the circadian trough fail to reverse the
inevitable consequences of sleep loss; further, the cffects of circadian

variations in functioning are such that performance following the nap is

B T O L S g PR

actually worse than performance preceding it. Clearly, in sleep-deprived

individuals at least, the effect of napping on mood and performance inter-

acts with the circadian cycle.
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Physical work load (energy expenditure) is another endogenous
factor that can interact with both sleep loss effacts and circadian rhythms,
as was noted by Bugge et al, (1979). Though different theories of sleep
function would predict very different relationships between sleep and
energy expenditure, studies of varied work load coupled with sleep depri-
vation have been rare. The most pertinent question relevant to quasi-
continuous performance is whether increased work load would oxacerbate
sleep loss effects., Since Haslam's (1981) subjects did not have a high
work luud, her data do not bear on this issue. Howcver, a recent study
by Bonnet (1980) showed that a 16-hour march by Marines (not sleap-
deprivud) resulted in performance and mood decrements approximately
equivalent to 40 hours of sleep loss, It would be surprising indeed if
increascd work load did not further shorten -- either physiologically or
psychologically -~ individuals' resistance to total sleep loss, and por-
haps also partial sleep loss.

An aspect of work load that deserves additional consideration is
the amount of stress inherent in the circumstances of a given period of
sustained operations. Physiological arousal resulting from stress is an
expected phenomenon of quasi-continuOus performance, Common bio~
chamical indices (urinary 17-hydroxycorticosteroids) of stress have been

shown to be greatly affected when military combat operations werc sus-

taincd (no sleep) over periods of 39 to 48 hours, providing stress~inducing

work loads are maintained. Francesconi et al, (1974) studied artillery

fire direction center teams during a sustained simulated combat scenario,
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and found increased evidence of stress as sleep deprivation progrossed, *

In contrast, sleep deprivation studies without stress—in@ucing work

5 loads have not found increased biochemical indices of stress (Tyler,

Marx, & Goodman, 1946; Murawski & Crabbe, 1960; Haslam, 1981),

Xl bk

Situational uncertainty also appears to affect indices of stress,

q as well as interacting with sleep loss, Francesconi et al, (1978) found

that uncertainty (over how long operations may have to be sustained) i

produced even greater levels of stress in a fire team, Conversely,

ifaslam (1981) found that soldiers who had been allowed only 3 hours of
sleep every 24 hours for 9 consecutive days actually showed a spurt of
L improvement in performance the 9th day, presumably associated with
I ! their knowledge that day 9 was the last day of sustained operations,

Furthermore, finding that increased levels of stress accompany situational

uncertainty suggests that, during sustained military operations, slack
times may be available for sleep, but personnel may have trouble going

1
to sleep because of anxiety over the anticipation of heavy work load, ** f
{
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*Even if performance is generally maintained during quasi-
continuous operations, physiological and subjective indices of stress
may reveal a cost for the demands of sustained operations, In studies
of flight crews who experienced partial sleep loss {(or no sleep loss)
increcasced 17-hydroxycorticosteroids, hypothermia, increased post-
mission sleep, and feelings of fatigue indicated a cost was paid for
the offective performance (Harris, Pegram, & Hartman, 1971; Hartman,
1971; Hale, Hartman, Harris, Miranda, & Williams, 1973; Hartman,
Storm, Vanderveen, Vanderveen, Hale, & Bollinger, 1974),

**Naitoh, P, Personal communication, March 6, 1979,
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Assuming that personnel involved in quasi-continuous exercises
do go to sleep for varying periods, they might have considerable trouble
performing immediately upon being awakened from slcep., Both Opstad
et al, (1978) and Haslam (1981) noted that when cognitive functioning
was tested within 5 miautes of awakening, performance was significantly
poorer than either before sleep or 15 to 30 minutes after sleep. This
performance decrement at awakening appears to be ubiquitous, and has
been shown to occur with a wide variety of performance measurcs. Thesc
include: simple reaction time (Okuma, Majamura, Hayashi, & Fujimori,
1966; Williams, Morlock, & Morlock, 1966); complex reacfion time
(Goodenough, Lewis, Shapiro, Jaret, & Sleser, 1965; Scott, 1969;
Seminara & Shavelson, 1969; Dinges, Orne, Evans, & Orne, 1981);
grip strength (Jeanneret & Webb, 1963; Tebbs & Foulkes, 1966); steadi-
ness and coordination (Wilkinson & Stretton, 1971); visual-perceptual
tasks (Scott & Snyder, 1968; Scott, 1969); memory (Stones, 1977;
Akerstedt & Gillberg, 1979); time estimates (Carlson, Feinberg, &

Goodenough, 1978); complex behavior simulation tasks (Langdon &
Hartman, 1961; Hartman & Langdon, 1965; Hartman, Langdon, &

MacKenzie, 1965; Seminara & Shavelson, 1969); and a host of cogni-

tive tasks like mental addition, subiraction, cancellation, clock reversal,

decoding, and reasoning (Pritchett, 1964; Scott, 1969; Wilkinson &

Stretton, 1971; Fort & Mills, 1972; Tebbs, 1972; Dinges et al., 1981;

Haslam, 1981),
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While gross motor tasks, such as reaction time, recover rela-
tively quickly, some type of performance decrements have been shown
to recover relatively slowly, that is, persisting for up to 20 minutes
after awakening. This is especially evident in more complex cognitive
and behavioral tasks such as mental arithmetic and pilot simulation
(e.g., Pritchett, 1964; Hartman & Langdon, 1965; Wilkinson & Stretton,
1971). Haslam (1981) has speculated that this post-sleep performance
decreament may last even longer in individuals suffering sleep loss. She
also suggested that the decrement might have been attenuated in her study
had therec been an arousing stimulus, such as a threatening or demanding
situation. We have been unable to find data on this point. Indeed, littlc
is known regarding ways to modify the post-sleep performance decrement,
While it is possible that a threatening situation might result in faster
and more accurate performance upon awakening, the anticipation of a
threatening situation might involve enough stress to inhibit sleep alto-
gether in individuals who have not gained volitional control over sleep
onsct (unless they are totally exhausted).

5. ‘The Control of Sleap Onset.

l.earning to nap prophylactically would likely involve both psycho-
logical and behavioral changes in any personnel not already habitually
oriented toward compensatory sleeping at available times. An efficient
use of slack time opportunities to nap would require learning to go to
slecp in a relatively brief period of time. Thus, we fully expect that

for some individuals sleep onset training would be necessary,
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Recently, there has been increased interest in the problems of

sleep onset in the treatment of insomnia, where sleep onset difficulties

can form a part of the symptomatology (Kales & Kales, 1974). Reports

of treatment of sleep onset difficulty by behavior therapy and biofeed-

i
!
9
1

i
back techniques have provided evidence for the efficacy of these ap-

proaches in decreasing sleep onset latency (Ribordy & Denney, 1977;

Bootzin & Nicassio, 1980), For example, some studies have shown

that feecdback of EMG muscle tension can significantly improve the on-

.l
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set latencies in chronic insomniacs (Stoyva, 1973). However, similar

: results have been obtained with hypnosis (Graham, Wright, Toman, &

Mark, 1975), and relaxation training without feedback (Borkovec &

i,

‘i Fowles, 1973). It would appear that stimulus control instructions and

most relaxation training procedures (progressive relaxation, autogenic

training, self-hypnosis, meditation, and biofeedback) can have signifi-

Bl a3 it s il i

cant effccts on shortening sleep onset in insomniacs (Bootzin &

Nicassio, 1980),

tlowever, our primary interest is the control of sleep onset in

T L i L e A i 2

normal individuals who are not insomniacs, Thus, as we noted above,
there arc broad individual differences in the ability to nap at various
times, OQur own recent factor analytic studies of subjective sleep pat-

terns have suggested that there are several unrelated dimensions under-

lying habitual sleep patterns (Evans, 1977a). For the present program,
the most important of these was one tentatively idenlified in terms of

the voluntary control of sleep processes: some subjects consistently
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report they fall asleep easily at night and can sleep in a wide variety

of unusual surroundings. Habitual nappers consistently score higher
| . on this dimension than non-nappers. Thus, while we mayv not under-

stand the mechanism whereby ore can voluntarily turn on and off sleep

processes, it does seem that the capacity to do so is an individual

characteristic, with nappers having greater control over this capacity

than non-nappers,

Of particular interest in our own work was the isolation of a

subgroup of habitual non-nappsrs who also seemed to have the capacity
| ' to control sleep processes (Evans, 1977b), These were non-nappers

who did not nap, primarily because they felt they did not have time and

Q',‘ that napping would interfere with other activities, as opposed to a second
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"~ much smaller group of non-nappers who avoided naps because for them

PIRIFCL Y

there were unpleasant physical and mental consequences, The first
group of non-nappers not only could exert more control over sleep proc-
esses but were more hypnotizable than those non-—-nappers who did not
report such control.

In sum, our own data have suggested that there are a consider-
able number of individuals who already have a high degree of control
over sleep onset and a far greater number who have the potential for

learning this skill more easily than is generally recognized. A number
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of procr- -es (including self-hypnosis or relaxation techniques, bio-

feedback, and s. ne form of stimulus control, mental set instructions)
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show promise in faciiitating an individual's control over sleep onset
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and may therefore be relevant in implementing prophylactic napping on

a broad scale.

Perhaps equally important as individual training in relaxation

and control of sleep onset is a modification of the behavioral context

in which napping is expected to occur during quasi~continuous work

Y schedulas. Prophylactic napping requires a framework wherein sleep

". discipline becomes a legitimized and appropriate activity. Personnal

would have to be motivated to nap during slack times, and would have

to perceive the nap as a desirable event, Social facilitation of prophy-

lactic napping would then also occur in the context of sustained operations.

t. Summary of Relevant Literature,

Those aspects of the sleep literature directly relevant to prophy-

dnmai.mmﬂ -

lactic napping have been reviewed. Napping appears to be a common
phenomenon among the majority of young adults who have schedules that
pemit il, with replacement (compensatory) naps being the most common

form of napping. Laboratory studies have been reviewed documenting

improvements in performance and mood following naps in non-sleep-
deprived individuals who nap regularly; showing the advantage of a
few short naps over one reduced continuous sleep period in partially

sleep—-deprived adults; and demonstrating the utility of naps in prevent-
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ing many of the deficits found in totally sleep~deprived subjecis,

It appears that as little as one 24-hour period without sleep can

T T Y Lo

delcteriously affect mood =na performance in some individuals, and a

number of consecutive days without sleep will yield progressive
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detcrioration in positive mood states, vigilance, reaction time, and
cognitive performance, with concomitant increases in negative mood

and involuntary sleep onset for most individuals. Partial sleep loss

studies, including abrupt and gradual sleep reduction and fragmented
sleep, support the conclusion that performance can generally be main-

| tained with reductions of up to 40% in total sleep time, though sleepiness

#_ and negative meud may increase, Thus, there appears not to be a linaar

relationship between amount of sleep loss and the degree of performance

impairment. Even as little as 3 hours sleep in the middle of 113 hours

of sustained activity can improve functioning significantly.

NERCE - A0 e

Recent studies of psychological, behavioral, and physiological

e Sy

functioning in military personnel undergoing sustained operations for up

to 9 days confirm the laboratory data on the effects of partial and total
sleep loss, Total sleep deprivation so profoundly diminished function-
ing during continuous operations that within 4 days motivated personnel
fully recognized their inability to function effectively, and independent
obscrvers confirmed the ineffectualness even sooner, However, a single
90-minute sleep period each day significantly lessened the sleep loss
effects, thus permitting somewhat more etfective functioning for rnore

days. A 3-hour period of sleep each day had even greater salutary effects.
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Morcover, following 3 days of sustained operations with accompanying
slecp deprivation and cumulative drops in performance and mood, 4

hours of sleep a day thereafter reversed much of the deteriorated func~

tioning.
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While sleep loss can account for much of the diminished capa-

city found in personnel engaged in sustained operations, other factors

can further exacerbate declining performance and mood., Stress, heightened

|
- . work load, diurnal variations, and hostile environmental conditions are
E frequent aspects of continuous military operations that will affect func-

i '_; tioning regardless of sleep debt, Nevertheless, when the negative effects

F of these factors are combined with the cumulative effects of sleep loss,
b,

espacially total sleep loss, performance and mood deteriorate profoundly,

making offective functioning nearly impossible for most individuals, and

ultimately leading to involuntary sleep at inopportune times, Despite

i sl o el

the presence of these factors, the elimination of sleep loss effects alone
4 should go a long way toward maintaining effectiveness.
Prophylactic napping was conceptualized as a potentially realistic
way in which personnel could prevent or at least postpone the effects of
sloep loss by napping during slack times and in advance of anticipated

periods of sustained operations. Thus, as individuals who are already
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. partially sleep-deprived are more sensitive to further sleep loss, it

3 i

would be surprising indeed if individuals who have had some sleep were

JEEE SO

not more resistant to the effects nf subsequent sleep loss, The efficacy

of naps to enhance the capacity to function, particularly under conditions

e 1 ettt

of limited sleep opportunities, would seem to be a rcasonable alternative

e e

to the cumulative effects of total sleep loss.

However, individual differences in napping ability, as well as

hostile sleep environments, stress, and attitudes toward napping suggest
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that prophylactic napping will necessarily involve training some indi-
viduals to control sleep onset. The most promising techniques would
appear to be combinations of relaxation procedures and stimulus control
instructions. Further, modeling and social facilitation of napping in
the particular context in which prophylactic napping is to occur are
important, Thus, a combination of training, a restructuring of attitudes
towards napping, and appropriate legitimization are likely to be neecded

for prophylactic napping to become an operationally useful technique.
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C, Overview of Studies,

A review of the napping literature and studies of sleep loss
reveals that no investigation has yet determined how effective naps
are in maintaining functioning if they are taker in advance of sleep
loss -- prophylactic napping. While naps appear to be a way many
individuals cope with precedent or subsequent sleep loss, and it is
clear that naps can have beneficial consequences, it is less certain
whether they are beneficial for everyone,

Though we have emphasized the agreement among studies of
short sleep periods in terms of maintenance of performance, it is im-
portant to note that definitive conclusions cannot be drawn from the
body of literature on changes in sleep patterns, fragmented sleep, or
the potential of naps to alleviate fatigue, without taking into account
the naturally occurring differences among individuals' sleep/wakeful-
ness patterns, including the ability to nap. Indeed, Johnson and
Naitoh's (1974) extensive review of the consequences of sustained
operations places considerable emphasis on individual differences in
responsc to sleep loss, in typical sleep patterns, and the maintenance
of effective functioning,

Because of the implications of individual differences for the
utilization of naps to facilitate performance in the absence of desirable
slecp opportunities, it was important to first establish the relevance of
individual differences to the ability to nap and derive benefits from it.

Thus, our initial studies sought to determine the frequency of napping in
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young adults; individual differences in napping ability; psychophysi-

ological characteristics of naps; benefits derived from naps; and the

effect of naps on performance and mood both immediately after the nap
as well as some time later,
The studies of napping ability and consequences were carried

out on non-sleep~-deprived habitual nappers and non-nappers, in a

ot e 2N e b e i

sleep~conducive environment, However, we recognized that implemen- ;

tation of a napping regime, particularly prophylactic napping during
continuous operations, would necessarily require individuals to nap i
in sleep-hostile environments. Consequently, we also investigated ]
the cffects of naps in non-sleep-deprived nappers and non-nappers ;
attempting to nap in an environment unconducive to sleep. We were
interested in comparing individuals' reactions to these naps with the
brief daytime sleep in the sleep-conducive environment, to determine
if the ability to nap and the consequences of a nap vary not only along
individual difference parameters, but also as a function of the napping
environment,

The survey studies used to investigate the incidence and type
of napping patterns in the military age population necessarily employed

many hundreds of young adults. The laboratory phase of the studies

used selected samples of these young adults, and included extensive
physiological, subjective, and behavioral measures. However, we also
included sleep diary and circadian data in our studies in an effort to

validate survey reports of napping patterns in relation to slecp loss,
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and to determine the degree to which circadian oscillators might relate

; to napping ability and the effects of napping. The following sections
in the report detail our procedures, results, and their implications for
future work.
Following the investigations of nappers and non-nappers in 1
“ varying nap environments, we plan to conduct a study specifically
|

r:} designed to efficiently test the effect of prophylactic napping in an

e car

S acute sleep deprivation paradigm. Such a study logically follows the
investigation of individual differences in napping pattern. The group

of individuals participating in the prophylactic napping study is intended

to come from the category of replacement nappers (who typically nap to
compensate for sleep loss), '
I'inally, following the prophylactic napping study, we plan to
determine the most effective means of teaching non-sleep-~deprived
individuals to gain volitional control over sleep onset, The ability to

sleep at will and ignore future uncertainty, danger, or unpredictable

work demands is a significant asset to the effective functioning of any

individual required to sustain performance in the face of stress,
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11I, THE CURRENT STUDY OF NAPPING

A, Procedure,

1., Survey and Classification of Subjects.,

Qur studies of napping have focused on the normal, healthy,
young male and female adult college population. The age range of
these subjects is typically 18 to 35 years, and is therefore compa-
rable to the age of a significant proportion of military personnel.,
Moreover, the general variability of college students' schedules
results in some flexibility in sleep/wakefulness patterns, and thus
provides a population where broad individual differences in napping
behavior are common.,

In order to gain some insight into the patterns and purposes
of napping and non-napping, as well as replicate earlier findings,
we surveyed 956 young adults using a questionnaire called the
Survey of Subjective Sleep Patterns (SSSP; Evans & Orne, 1975;
see copy in Appendix I), This questionnaire had been developed
and used in our earlier work (Evans & Crne, 1975), and these
956 respondents were in addition to 946 college adults surveyed
in our original study. The full procedural details for soliciting
individuals to complete this survey are identical for both the
original and current study, A detailed description of the survey
methods and the SSSP itself is contained in our earlier progress

report by Evans and Orne (1975). Only those aspects of the SSSP




survey dealing with napper classification in the current study will be

described here,*

! ‘The first section of the SSSP contains questions on nocturnal

sleep patterns. The last question of this initial SSSP section concerns
! how often the individual catnaps during the day. If a subject responds
that he naps sometimes, usually, or always, he is instructed to com-

' plete the blue (i.e., napper) section of the SSSP. If a subject responds

h-. that he rarely or never naps, he is requested to fill in the green (i.e.,

7 non-napper) section of the questionnaire, The blue and green sections
are sealed, and completion of one precludes completing the other,

a, Nappers. The blue napping section of the SSSP contains |
guestions on an individual's frequency of napping, the temporal charac- |

. f teristics of the naps, the positive and negative consequences of the

naps, as well as the circumstances under which he is most and least
likely to nap, A subject is considered a current napper if he naps at
least once a week, and finds naps generally very satisfying.

Beyond this broad categorization we have found that nappers can

be classified into two types based upon four possible responses to the

8SSP quastion "Do you nap even when you do not feel very tired?" Sub-

jects who respond negatively (i.e., possibly no or definitely no) to this

question are labeled replacement nappers, since they indicate they nap
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*These classification criteria are identical to those originally
devcloped and reported by our laboratory (Evans & Orne, 1975; Evans
et al,, 1977).

AN i L B P e A e 2 o reridl T I i i G s,




S3.

primarily when tired, presumably to relieve a sleep debt, Nappers who
respond affirmatively (i.e., possibly yes or definitely yes) to the ques-
tion are termed appetitive nappers, since they consistently report nap-
ping regardless of subjective fatigue, and thus presumably largely inde-
pendent of nocturnal sleep variability, These subcategories of napners
appear to be consistent proportions of the young adult population, and
thus provide a basis for investigating individual differences in napping

patterns and consegquences,

b. Non-nappers. Completion of the green non~napping section

of the SSSP serves to classify a subject as a current non-napper. Since
therc appeared to be many reasons for not napping, we further separated
non-nappers based upon their reasons for not napping, and their non-
napping history. We specifically sought to isolate a group of non-nap-
pers who not only did not nap, but also avoided napping because it had
negative effects upon them. Thus, in order to be classified as a con-

firmed non-napper, a subject had to indicate in response to SSSP ques-

tions that he or she has not taken naps since childhood (excluding tran-
sient periods such as illness), finds naps generally unpleasant, and
either unpleasant mental and/or physical aftereffects are the reason

for avoiding napping.* Non-nappers not meeting these criteria were

classificd as reject non-nappers, and though their SSSP responses were
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*Questions concerning unpleasant aftereffects (general, mental,
and physical) were answered on a 5-point scale where 1 = irrelevant
and 5 = definitely applies. A response of 3, 4, or 5 was required to be
considered affirmative.
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analyzed to determine why they did not nap, they were not studied as
: a group in the laboratory.

2, Qualification of Subjects for the Laboratory Phase.

Of the 956 subjects surveyed, subsamples of replacement nap-

pers, appetitive nappers, and confirmed non-nappers were contactoed

and askod to participate in the laboratory phase of the study. In addi-

tion to being qualified by questionnaire criteria, subjects had to be

between 18 and 31 years of age and in good health,* The total number
of surveyed subjects meeting either the napper or non-napper qualification

! ' criteria as well as the age and health criteria were 479, Of these, 67

subjects, 36 males and 31 females, were run in the laboratory study.

Since we sought to compare the effects of naps in nappers and

- non-nappers who represented vastly different patterns and purposes of
napping, we considered it essential to further confirm our SSSP classi~-
fication of subjects volunteering to participate in the study., An inter-
view procedure employed and described in our original study (Evans &

Orne, 1975) was again used to confirm subjects' SSSP classification,

This consisted of all subjects being interviewed by an experimenter

d
T
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blind to their SSSP classification, and subsequently classified by him
into cither replacement napper, appetitive napper, or confirmed non-

nappcr categories,

it n ) e - raa AR <

- - - - Ty ——— . Dt Sy e OGN TN e G S W el S S e e D SRS ) M T e et Gt S St S A G A e s B e

*Over 95% of the subjects were between 18 and 24 years of age.
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Of the 67 subjects run, 57 (85%) were classified into the same
broad category (i.,e., napper or non-napper) by both the SSSP and inter-
viewer, Of these 57, 31* (46% of 67) were also classified into the
same specific category (replacement napper, appetitive napper, con-
firmed non-napper) by both criteria. ** Only these 31 subjects were
included in the data analyses reported here. These included 11 replace-
ment nappers, ll appetitive nappers, and 9 confirmed non-nappers.

Throughout the data collection and analyses, experimenters
handling the lakoratory sessions were blind to subjects' sleep and nap
patterns, and classification, Subjects were reimbursed at a rate of
$2.50 per hour for time spent in the laboratory, and $1.10 for transpor-

tation to and from the laboratory.

*The number was actually 32, but one non-napper subject had
a radically altered sleep/wakefulness cycle during the study, including
considerable gleep deprivation due to studying. The schedule was so
atypical for this individual that the subject was excluded from anal-

ysis.

**The majority (n = 25, 71%) of the 35 subjects not meeting the
conservative double classification criteria were categorized as nap-
pers by both the SSSP and interviewer, but these two disagreed on
the specific type of napper. Eight subjects met the SSSP criteria
of appetitive nappers but were categorized as replacement nappers
by the interviewer, Since we know that appetitive nappers are also
able to replacement nap when the nead arises, these B discrepancies
are undcrstandable, However, another 17 subjects were replace-
ment nappers by the SSSP, but considered appetitive nappers by the
interviewer., Replacement nappers are not considered capable of
appctitive napping, though these data indicate this may not be the
casc¢,., lixamination of the interviewer's comments indicated that
most of these 17 discrepancies resulted when the interviewer de-
cided the subject napped often enough to preclude pure replacement

napping.
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3. Experimental Design.

Figure 1 shows an cutline of the experimental design of the study.,
Over a 30~day period, subjects were invited to attend four separate labo-
ratory sessions, with each session being between 3 and 5 hours in dura-
tion. Whenever subjects' schedules permitted, the first three sessions
(DAYS 1, 2, & 3) were scheduled 1 week apart, while the fourth session
followed 2 weeks after the third, Informed consent was obtained prior
to each of the four laboratory sessions, The first (DAY 1) and fourth
(DAY 4) sessions served as wake control conditions, whiie the second
(DAY 2) session required napping in an optimal, sleep-conducive environ=~
ment, and the third (DAY 3) session involved napping in a somewhat
sleep-hostile environment,

The order of laboratory nap DAYS 2 and 3 was not counterbalanced
since any adaptation effects to the laboratory would be expected to work.
against the experimental hypothesis of validating napper vs, non-napper
differences in the ability to nap in a hostile environment, That is, adap-
tation effects from the DAY 2 optimal nap session should increase the
likelihood of sleep occurring in the subsequent DAY 3 hostile environment.
Moreover, it was expected that the effect that the DAY 3 environment would
have on various nap parameters would be opposite to those typically found
for laboratory adaptation.

Whenever possible all sessions for a given subject were run in

the afternoon, between noon and 6:30 p.m., and nap DAYS 2 and 3 were

always started during this period. Subjects were run individually, and
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4-HOUR LABORATORY SESSIONS - (NON~LARORATORY MEASURES *
{Pctloimance, slcopincss, and SLEEP MULTIPLE
tempcrature arec measutcd DIARY CIRCADIAN TIME
bafore and alter each of thy MEASURES (DAYS)
laboratory scssions.) -
pay 1 [ wake Control Purtod 1
i 1-1 2
Z 1-2 3
:: 1-3 4
) 1-4 s
. 1-§ ¢
1-¢ 7
DAY 2 [ Nap in Optimal Environment 1-7 ]
2-1 ]
2-2 10
l 2-3 11
) ‘=4 12
- 2-5 13
) 2-6 14
‘_ Day 3 [-Ncp tn Non-~optimal Environmant 2-7 4 15
3-1 1-1 16
3-2 1-2 17
3-3 1-3 10
3-4 1-4 19
3-8 1-5 20
3-6 “1-6 u
3-7 17 22
4-1 2-1 21
4-2 2-2 24
4-3 2~3 5
) 4-4 2-4 26
4-8 -5 27
4-§ 2-6 28
47 2-7 29
DAY 4 lwdm Conusl Period §-1 3-1 30

* Non-laboratury meusuras aco data collected by subjects ot home. The circadian
measures {ncludu oral tamperstura, Thayer Activation Scale, and body movement,

Firare 1, Schematic layout of the 30-day study. DAYS 1 through 4
were laboratory sessions, while sleep diary and circadian
measures were collaried at home betwean laboratory visits,
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within each subject the specific starting hour for the four laboratory

secsions was as close as possible, to mirimize confounding circadian

effects,

During the 30-day period from DAY 1 to DAY 4 subjects completed

i,

a detailad sleep diary (see Appendix II) at home each morning, and for

' 2 weeks between DAYS 3 and 4 they also recorded multiple daily meas-

|

|

)

'

:

|

?

F_ ures of oral temperature and subjective arousal outside the laboratory.
{ Subjects were reimbursed additionally at a rate of $1.00 a day for com-

pleting the diary, and $1.00 a day for completing the temperature and

i ST NS P et A i il

arousal ratings,

L 4, Laboratory Sessions.

i 4. DAY l. The first visit to the laboratory included a detailed

description of the study, additional sleep questionnaires, practice on

’
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" the Descending Subtraction Task (DST) and Random Numker Generation

4

N procedure (RNG), and subjects were given the sleep diary to cumplete

each morning for the subsequent 30 days. Though this session included

a 60-minute period preceded and followed by physiological anu subjective

activation measures (and thus provided & wake control period to compare
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to the effects of nap DAYS 2 and 3 on activation indices), the DAY 1
session served primarily to acclimate the subjects to the laboratory,

the investigators, and the subjective and performance dependent variables.

h, DAY 2. One week after DAY 1, subjects returned to the labora~

L B0 Tz - eI Y

tory for the first afternoon nap session (DAY 2), which took place in a

sleep-conducive (i.e., optimal) environment typical of most sleep
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laboratories. This involved napping in a bed in & dark, temperaturc-
controlled, sound-attenuated room. It was emphasizcd prior to the nap
sessions that even if an individual did not nap, the data would be of
interest, since the study sought to investigate both sleep and rest,
This was deemed necessary to allay any anxiety subjccts (especially
non-nappers) might have had concerning their ability to sleep in the
afternoon. Subjects were encouraged to maintain their usual sleep
patterns thfoughout the study, and especially the night before each
nap day. Prior to and following the naps subjective, performance, and
physiological measures were recorded at specific time¢ points.
I'igure 2 displays an outline of measurements taken before and
after both experimental nap DAYS 2 and 3. Performance, subjectivn
arousal, and oral temperature were recorded four times: twice prior to
the beginning of each 60-minute nap period (about 1 hour before, and
immediately before), and twice following each nap period (immediately
after, and about 45 minutes after). The purpose of rcpeating measures
both before and after the napping session was to clarify the time course
of effective functioning preceding and following a nap. Though the
samu sequence of measurements was taken during both wake control
sessions (DAYS 1 and 4), measurements occurred cnly twice, once imme-
diately before and once immediately after the 60-minute wake periods.,
In addition to the measures recorded before and afte! the naps, standard
slecp recordings (Rechtschaffen & Kales, 1968) were taken during the

nap periods.,
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SEQUENCE OF MEASURCMENTS TAKEN DURING
LABORATORY NAPPING SESSIONS (DAYS 2 & 3)

Performance Tasks #1
Inittal Subjective Slespiness §1
Measurements Oral Temparature #1
Subjective Activation 8§

Pre-Nep I tlectrode Application (about 45 minutes) |

Performance Tasks #2
Measurements Subjective Activation #2
Immedistely Oral Temperature #2
Sefore £EG, Heart Rate, & Electrodermal Baselines
Subjective Slaepincss #2

*GCo to sleep”
- A
Telephone ring reaction time

f Subjoctive Sleepinass #3
Performance Tasks #)

Subjective ratings of nap temporal
Measuremonts characteristics, nap satisfection,
Immediately and recovery from fatigue,

After Subjective Activation #3
Oral Temperature #3

£EG, Heart Rate, & Electrodermal Baselines
Post-Nap \‘l’c]ophono ring for electrodermal response,

[ Eldctrode Ramoval (about 30 minutos)]

Performance Tasks #4
Final Subjactive Sleepiness #4
Measurements Oral Temperature #4
Subjective Activaiion #4
Subjective ratings of nap satisfaction
and recovery from fatigue,

Post-experimental interview

Figure 2. Types and sequencing of measurements taken during
laboratory naps.
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While subjects knew in advancé that they would be given an
opportunity to nap on DAYS 2 and 3, they were not told the amount of
. time that would be available for the nap; further, temporal cues were
! removed from the eavironment, In fact, on both nap days subjects had

60 minutes to nap from the time they were told they could "go to sleep

. now" to the signal terminating the nap. They were told that a telephone

4

‘ situated next to them would ring (72 dB spl) signalling the end of theo nap.
e

Though DAY 2 involved many more measures than our earlier nap-

ping work (Evans & Orne, 1975), it nevertheless contained those parame-

ters necessary to permit a replication of our earlier findings concerning ’

L differences in the naps of nappers and non-nappers, The additional

N : measures allowed us to extend the comparisons to performance and sub-

- jective activation domains. Finally, DAY 2 also served as a baseline

2
A ]
il e

for comparing the effects of a hostile nap environment on the sleep and
functioning of nappers and non-nappers.
<t DAY 3. Nap DAY 3 took place 1 week after nap DAY 2, with

an effort being made to schedule it on the same day of the week and at

the samc time of the afternoon as DAY 2. While for a very few subjects
this was not possible due to schedule changes, it is noteworthy that for

all subjccts the average time difference between the start of DAY 2 and

DAY 3 nap periods was only 30 minutes,

M e it o A R | LR i Pl i i e it . A il k' st

Nap DAY 3 was identical to DAY 2 in all proccdural aspects, the
major exception being the environment in which the nap was taken. For

DAY 3 subjects were told they would be provided an opportunity to nap
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in an environment more similar to what they might encounter at home

or in the dormitory. Specifically, they were asked to nap in a different
room from DAY 2, while sitting up in a semi-reclined lounge chair (with
foot rest) with the light on. They were also told that unlike the DAY 2
room, the DAY 3 room was not sound-attenuated and consequently they
would hear some noise from the corridor upstairs and outside the building,
In order to keep the auditory stimuli of DAY 3 constant, a tape recording
of common building sounds, such as footsteps, paging, doors closing,
etc, (14 different types of sounds in all), was prepared and played
through a speaker concealed in the wall above the ceiling during the
entire three hours the subject was in the DAY 3 room. The occurrcnce

of each sound during the nap period was registered on a channel of the
polygraph along with a description of the sound, There were approxi-
mately 48 periods of sound in the 60~minute nap period of DAY 3, varying
in duration from a few milliseconds (door slam) to 2 minutes (computer
teletype), and ranging in intensity from 40 dB (conversation) to 62 dB
(hospital cart being dragged) with a median intensity of 50 dB (adjusted
for 46 dB ambient noise level of room). Sounds seemed to be coming
from a corridor on the floor above. Post-experimental inquiries conduc-
ted by two independent experimenters at the end of DAY 3, as well as at
the end of DAY 4 when the entire experiment had been completed, indi-
cated that only two subjects questioned whether the sounds were natural

occurrences, Finally, DAY 3 differed from DAY 2 in that the telephone
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bell on DAY 3 was increased in intensity to 93 dB to permit assessment
of an intense stimulus on performance at awakening.

Since the use of napping in the field by military personnel would
almost certainly involve sleeping for brief periods in somewhat alerting
environments, we considered it necessary to determine what effects an
alerting environment like DAY 3 was likely to have on napping in non-
sleep-deprived habitual nappers and non-nappers, We fully expected
that whereas confirmed non-nappers would have difficulty in napping
on DAY 3, appetitive nappers would have the least difficulty, Replace-
ment nappers presented the real challenge in prediction, since on both
DAYS 2 and 3 we were asking them to nap without necessarily depriving
them of nocturnal sleep. While we anticipated they would nap on DAY 2,
we were hopeful, though less certain, about their ability to nap on DAY 3.
The fact that habitual nappers generally score higher on the control of
sleep dimension than non-nappers (Evans, 1977a) would suggest that
replacement nappers might be able to fall asleep in an alerting environ-
ment, Iilowaver, when the sleep-hostiie nature of the DAY 3 environment
and the lack of sleep deprivation are considered, it seemed doubtful
whether replacement nappers would be able to sustain sleep on DAY 3.

DAY 3 thus provided both a more realistic napping environment,
as well as an opportunity to investigate the relationships among physio-
logical, performance, and subjective parameters under experimental
conditions that were likely to alter one or more of these data domains

when compared to naps in an optimal environment,
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d. DAY 4. Two weeks elapsed between DAY 3 and the final
laboratory session, DAY 4, during which the oral temperature and sub-
jective activation circadian data were collected by subjects at home.
Upon returning to the laboratory for DAY 4, subjects turned in this data
as well as their sleep diaries. Like DAY 1, DAY 4 involved no nap, but
rather required subjects to complete non-sleep-related questionnaires
during a 60-minute wake control period that was preceded and followed
by performance trials, oral temperature measurements, and completion
of subjective activation forms, The session was ended with an extensive

debriefing covering the entire study.
DAY 4 permitted us to compare hypothesized pre-nap to post-
nap data changes found on nap DAYS 2 and 3, with possible changes in
data across a 60-minute wake control period, Such within-groups com-
parisons were considered necessary to determine what effects nap slecp
vs. a quiet period of wake activity at the same time of day had upon data
parametcrs, To assume that all changes observed from pre- to post-nap
are the result of sleep, without determining if they occur with the mere

passage of time, would have saverely limited the scope of any conclusions

regarding the functions of naps in young adults.

5. Data Collected.

a. Performance measures.,

(1) Reaction Time (RT). The reaction time mcasure employed was

somewhat more complex than a simple RT task. On nap DAYS 2 and 3

subjects were told that a telephone situated next to them would ring to
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signal the end of the nap session, They were instructed to answer the
phone as quickly as possible when it rang; the phone bell was arranged
to ring continuously until the receiver was lifted, The time from bell
onset to receiver pickup was electronically recorded on a polygraph
channel and served as the RT measure. Fifteen minutes after each nap,
at the end of a resting wake baseline period, the phone rang again, thus
providing an RT from the wake condition following each nap. The DAY 3
bell was 21 dB (spl) more intense than the DAY 2 bell,

(2) Descending Subtraction Task (DST). The DST was specifically

devised to tax the cognitive functioning of an individual for a relatively
brief period of time, It can be carried out by a subject while lying in

a bed in the dark, and it does not require the presence of the experimenter
in the room. Thus, it allows testing within seconds of awakening. The
subject is initially given a three-digit number such as 832. He is asked
to repeat it aloud, then required to mentally subtract the number 9 from
832 and to say the remainder (823) aloud. The minuend now becomes
823, from which he is required to subtract 8, The remainder (815) is
again said aloud, In this fashion the subtrahend progressively de-
creases by one until, having reached the value of 2, it returns to 9,

and the series is continued in this manner. The subject continues until,
at the end of 3 minutes, he is told to stop. The instructions emphasize
repeatedly that the subject "should work as fast as possible and keep a
steady pace. It is also important that you be as accurate as possible,"”

A typical sequence of correct subtractions said aloud by a subject is as
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follows: 832, 823, 815, 808, 802, 797, 793, 790, 788, 779, 771,
etc. The subtractions themselves are done silently; only the answers
are said aloud, With multiple trials, the starting number of the task
is always different, and a large enough number is selected to assure
that even the fastest subject cannot reach zero within 3 minutes.
$ince the task clearly requires that the subject keep both the
subtrahend and minuend in mind, and since both change after each
responsc, a considerable load is placed on short term memory during
the task. Subjects are encouraged to correct any of their responses if

they think there are errors, but, in any case, to go on., Thus, if they

get completely lost in a sequence, they are to guess where they arc and
continue, The task can be scored for speed (total number of responses),
accuracy (total number of errors), or both speed and accuracy simulta-
neously (number correct per second). The DST shows a practice effect
over the first nine trials that should be taken into account when small

increments in performance are studied, The DST was performed four

times on each visit to the laboratory, including 60 minutes and 5 minutes

before each nap session, as well as less than 1 minute and 35 minutes
after each nap session. In the post-experimental inquiry nearly all

subjacts commented on the task's difficulty.

(3) Random Number Generation (RNG). The random number genecr-

ation tack has been derived from our work on the measurement and deploy-

ment of human attention (Graham & Evans, 1977;

Graham, 1980),

BEvans, 1978; Evans &

The subject is asked to randomly produce numbers between
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1 and 10 (inclusive) in time with a metronome at a ratc of one per second,
The task demands that the subject keep in mind the numbers he has gener-
ated in the past ~- in order to avoid using any given number more than
another, or repeating a number too frequently. A trial lasts for 2 minutes,
and the randomness of a seguance of 100 consecutive numbers in each
trial is computed by a computer program (see Evans [1978] for scoring
details). The RNG task was given immediately after each DST trial on
both nap days and wake control days.

b, Subjective measures.,

(1) Behavioral sleep/wakefulness patterns, Detailed sleep

diaries (see Appendix II) were kept by all subjects throughout the dura~
tion of the 30 days from laboratory DAY 1 to 4. A version of the 4-page
daily diary was used in our previous napping studies, and includes ques-
tions concerning both sleep as well as waking activity, and thus provides
crucial information on the characteristics of nap days and non-nap days
in fhe larger sleep/wakefulness pattern. In addition, the diary provides
important information on the sleep the night before laboratory nap days.
Subjects were requested to complete the diary each morning, shortly

after arising.

(2) Subjective activation. An Activation-Deactivation Adjective

Checklist (AD-ACL) developed by Thayer (1967, 1970) was used to assess
subjoctive activation, The scale yields four orthogonal factors, two of
which are related to diurnal fluctuations in subjective arousal and sleepi-

ness (Clements, Hafer, & Vermillion, 1976), Factors from this brief
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checklist have been reported to be affected by afternoon naps in non-

sleep~deprived subjects (Taub et al,, 1976; Bertelson, 1979), as well

as by sleep deprivation (Bohlin & Kjellberg, 1973). A short 20-item

version of the AD-ACL was employed repeatedly throughout all labora-

s g T i

tory sessions, both before and after naps, and subjects were requested

| to complete this version for two weeks, at home, five times a day (upon a
3

arising, noon, 3:30 p.m., 7:30 p.m,., and bedtime) to provide informa-
tion on rcircadian variation in subjective activation in nappers and non-

nappers. The short AD-ACL form was printed on 4 x 6 inch colored cards

which were bound into booklets of 75. Each card had typed atop it the
l date and time of day it was to be completed, A different colored card

‘o represented each of the five times per day, and thus cards were arranged

T S S o T~ R

so that if a subject missed a recording, a blank card was evident, Fur-
ey

%‘” ther, the colors of the cards matched the appropriate Tempa-Dot thermo-
b

= meter labels for time of day (to be described below), and each card

had space for recording the oral temperature that accompanied it, as

well as the exact time of day it was completed,
(3) Sleepiness. The subjective sleepiness scale we developed

and used is similar to other traditional sleepiness scales (Hoddes et al.,

S e L Cteeb | aaderdi

1973), It consists of a 10-point scale where 1 is "wide awake" and 10

RER P

is "wury sleepy." Sleepiness and tiredness were assessed repecatedly

throughout all laboratory sessions.

(4) Nap satisfaction and recovery from fatiguc, In an cffort to

study subjective fatigue in conjunction with physiological and performance
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measures, we included a number of rating scales designed to asscus
nap satisfaction, recovery from fatigue, nap refreshedness, and sub-
jective estimates of the temporal characteristics of the nap., These
scales followed immediately after nap DAYS 2 and 3, and again approx-
imately 40 minutes after the naps.

c. Physiological measures.

(1) Oral temperature. As a measure of physiological activation,

body temperature displays a 24-hour circadian rhythm that is closely
associataed with sleep/wakefulness patterns, as well as subjective
sleepincss and performance rhythms (Kleitman, 1963; Colgquhoun, 1971).
We recorded sublingual (oral) temperature frequently throughout labora-
tory sessions, each time sleepiness and subjective activation were
assessed. In addition, we asked subjects to record their oral tempera-
ture for 2 weeks, at home, at the same five times of the day they com-
pleted the AD~ACL. While we used both a basal thermometer and 1-min-
ute Tempa-Dot* thermometers in the laboratory, the subjects used only
the disposable Tempa~-Dots at home. Subjects were provided with Tempa-
Dots labeled for each date and color-coded consistent with the AD-ACL
pagc for time of day, and were asked to save and return the used thermo-
meters to the laboratory on DAY 4 for verification purposes. The fact
that the temperature could be conveniently obtained in 1 minute {while
they completed the AD-ACL booklet), and that subjects were treated as
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coinvestigators to collect the circadian data on their own outside the
laboratory, combined to yield over 98% complete data,

(2) EEG and related sleep/wakefulness measures, Four channels

of electroencephalographic (EEG), 2 channels of electrooculographic
(EOG), and 1 channel of electromyographic (EMQG) recording were made
throughout both DAY 2 and DAY 3 60~-minute nap sessions, as well as
during a S-minute resting wake baseline (eyes closed) prior to and after
each nap period. EEG was recorded from frontal and occipital lobes,
EOG was recorded from outer canthi, and EMG was recorded from the
submentalis muscle, Electrode placement, recording parameters, and
sleep/wakefulness stage scoring of the records were accomplished
using standardized criteria (Rechtschaffen & Kales, 1968). These mcas-
urements pemitted assessment of a wide variety of nap slecp character-
istics including sleep onset latency, sleep stage p;'opox'tions, changces
in wake alpha activity, and sleep length,

(3) Electrodermal activity and heart rate. Electrodermal activity

was recorded from the palmar surfaces of the first and second phalanges
of the sacond finger of each hand, while heart rate (HR) was recorded
from the wrists, Recordings occurred during the laboratory nap periods,
at the same time other electrophysiological measures were recorded.,
Electrodermal activity and heart rate recordings were included for the
purpose of providing additional information on napper vs. non-napper
differences in responsivity to stimulation during sleep, Since the non-

optimal surroundings nap included extraneous acoustic stimuli, as well
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as a very lou’ akening bell, it was of some interest to address the

issue of activation during naps in an alerting environment,
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B. Distributior of Napping in the Young Adult Population,

While most surveys of college populations reveal napping to be
a prevalent aspect of sleep/wakefulness cycles for between 50% and
85% of young adults (Lawrence, 1971; Webb, 1975; White, 1975;
Kunken, 1977), few attempts have been made to further delineate other
dimensions of napping and non-napping behavior in this population,
Consequently, our surveys® have focused on the frequency of napping, i
as well as the satisfaction with napping, the relationship between nap-
ping and feeling tired, the reasons for not napping, and th/. consequences
of nappii1 for habitual nappers and non-nappers.

1. Nappers.

Table 1 presents the distribution of napping and non-napping

¢ G | . it i~ AN 2 s

within a sample of 956 young adults. The data are further subdivided
to reflect the proportion of individuals who fall into relatively discrete
cdtegorivs, based upon their napping frequency, satisfaction, and gen-
eral sleep characteristics. Althcugh reports »f napping "somctimes,

usually, or always" wer~ given by 55% of those surveyed, more rigid

¢riternia for classification as a qualified napper required that respondents

indicate they nap at least once a waoek, find it generally very satisfying,
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*The 956 subjects surveyed in the current study were solicited
from psychology classes at the University of Pennsylvania, and were :
paid $3,00 for completing a packet of questionnaires that included the
SSSP. To minimize volunteer bias, every effort was made to encourage i
subjects Lo agree to fill out the questionnaires. Of the students present 1
in the classes, 93% volunteered, Jy paying subjects in advance it was
possible to obtain completed SSSPs from 97% of all volunteers,
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J
' TABLE 1

i

i

|

; Percent

g of total

| N surveyed

é . .I Total Surveyed 956 100%

!

¢ Total Nappersl 527 $5%

E . Percent of i

P Qualified Nappers? 428 (45%) Qualified '

;h:‘: Nappers i

bt . . J

! . Replacement Nappers3 318 (33%) 74% !

¢

! Appetitive Nappers?d 110 (12%) 26% i

{ |

é Percent of 1

§ Total Non-nappers> 429 45% Confirmed ‘

! Non=-nappers f
i‘ Confirmed Non-nappers® 37 ( 4%) 9% %
. 4

[,. g Reject Non-nappers’ 392 (41%) 1% }1
- . ! includes all those who rasponded that they nap “sometimes, usually, or always.” i
e

k‘m: 2 Qualitied nappers are those subjects who raport napping at least once a week, '

{;.. find naps gencrally very satisfying, and do not report any sleep difficultias. !
E"( 3 Replacemont nappers report napping only when they feel tired. !
‘ 4 Appetitive nappars report napping even when they do not teel tired,

S Includes all subjects who responded that they nap "rarely or never."

6 confirmud non-nappers report no regular napping since adolascence, raport
finding naps generally unpleasant, and report napping has unpleasant physical

and/or mental aftereftects.

e S

7 Roject non-nappers were respondents who had either napped regularly during
adulthood (but were not now napping) and/or did not {ind napping unpleasant,

an.d do not report any sleep difficulties (nocturnailly or otherwise), [Lven

dsing thosa more stringent criteria, a high proportion -- 45% -~ of all

B PR

surveye i s ihjects qualified as nappers,

Thuse 428 qualified nappers were subsequently subdividad into

two napping categorics: replacemont nappers were those 318 respondenty !

who indicated they napped only when they felt tired; and appetitive !
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nappers were the remaining 110 who reported napping even when not
tired, This division separated qualified nappers into those who pre-
sumably napped in response to slecp need (replacement) vs, those who
presumably napped for reasons unrelated to sleep need (appetitively).
Given these different reasons for napping, it seemed reasonable
to expect that appetitive nappers were likely to nap somewhat mcrc fre-
quently than replacement nappers. We examined the reported frequency

of napping in our qualified nappers, and as Figure 3 reveals, replace-
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g ™
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Number of Naps per Week Number of Naps par Week
Figure ). The proportion of appetitive and reple t nappers who Rap at varying frequenciss por weah, Data are

{rom @ questionnaire survey.

ment nappers had a modal nap frequency of 2 per week compared to ap-
pelitive nappers' mode of 4 per weck, though both groups showed a
relatively oven distribution of nap frequency between 1 and 5 times

a waok,

'

<. Non-nappors.

liaving divided nappers along rcasons for napping, we then
tocusaed on the 429 (45% of all respondents) non-nappers' reasons for

not napping, We were especially interested in isolating a group of
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confirmed non-nappers who avoided napping because it produced un-
pleasant consequences for them. Classification as a confirmed non-

napper required that a subject report no regular napping since childhood,

indicate that naps are generally very unsatisfying, and report that naps

produce unpleasant physical and/or mental aftereffects. These criteria

~r

were basically the converse of those employed for qualified nappers,

As Table 1 shows, the number of non-nappers who met the criteria, how-

k_._‘, ever, was a considerably smaller proportion of subjects. lour percent

é“ of all those surveyed -~ 9% of all non-nappers -- were classified as

i | confirmed non-nappers. The remaining 392 non-nappers were considered
o reject non-nappers. ]
L_. While we sought to study confirmed non-nappers in the laboratory ?
as a comparison group to qualified nappers for purposes of understanding

the various consequences of napping, it also seemed important to examine

the rcasons reject non-nappers gave for not napping, since they consti-
tuted 414, of the population, Our survey questionnaire included a section

that allowed non-nappers to check their major reasons for not napping,

(i the 392 reject non-nappers, 46% listed lack of time as the
major recason for not napping, 25% indicated no need to nap (they got

cnough sleap), 15% reported they would not be able to fall asleep, and

e i e Ay ks o s kD e

11% felt napping produced some sort of unpleasant result, such as not

being able to fall asleep at night, Clearly, the majority of thesc sub-

g
1
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jects -- 65% of ali non-nappers -- report lack of time or lack of sleep

need as the rcasons they do not regularly nap, rather than inability or
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negative consequences. This replicates our original finding (Evans &

Orne, 1975) and seems to suggest that if time were available and there
was a need to sleep, these reject non-nappers could learn to nap and
derive benefits from it.
The survey data appear to support a view that napping is not only
a frequent and satisfying aspect of sleep schedules for approximately
half of all young college adults, but could, if time and circumstances
permitted, potentiaily be included in the sleep patterns of most individ-
uals. While the number of persons surveyed in this study was considoer-
able, it is nonetheless striking that thu group percentages reported in
Table 1 regarding napper and non-napper classifications are all within
5% of a survey we conducted 5 years ago on 430 young adults (Evans &

Ome, 1975), Thus, the proportion and distribution of napping patterns

appear relatively stable within this population.
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| C. Results from Napping in Optimal and Non-optimal
' Environments,

1. Physiological Antecedents, Concomitants, and Consequonces
of Napping.

a. Nappers' and non-nappers' ability to nap. Based upon surveys

! and previous laboratory studies, we expected that nappers would have

little difficulty falling asleep during the DAY 2 afternoon laboratory nap

in the slcep-conducive environment, while some non-nappers would be

unable to sleep, Indeed, the DAY 2 predictions were correct: four non-

-z’

nappers, one replacement napper, and one appetitive napper did not

sleep in the optimal environment, * When these DAY 2 proportions are

MO i

combined with our earlier study, it is clear that more than 93% (40/43)

of nappers are able to fall asleep in an optimal environment comparcd :

r_f,,.‘mum.,,
’ S A

de to 67% (14/21) of confirmed non-nappers (p<.02), i

Since the DAY 3 alerting environment presented a greater challengc

in terms of sleep inhibitors, and since subjects were not purposively
sleep-daprived the night prior to the laboratory naps, we expected that

faw of the 9 non-nappers, some of the 11 replacement nappers, and most

S e R A Rl Ve

of the 11 appetitive nappers would be able to nap on DAY 3 -- although

B P

as we noted earlier, nappers' increased control over sleep would predict
that proportionally more nappers than non-nappers would be able to nap
in tho alerting environment, Overall, fewer subjects were expacted to

slocp in the non-optimal environment of DAY 3.

e e e S Y e S8 o e Y e G e o D W G e S Tt e D N R e S e B il e A S S W B e Bt e M M T Ne e e A

*Sleep was arbitrarily defined as at least 3 consecutive minutes
of stages 2, 3, or 4 slacp,
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Surprisingly, as many subjects napped on DAY 3 as DAY 2.
Contrary to what we predicted, only two individuals from each of the
three groups were rot able to nap in the alerting environment of DAY 3.
Specifically, more non-nappers and replacement nappers napped than
expected, While the nappers' ability to nap in the sleep-hostile sur-~
roundings might be indicative of their control of sleep onset during the
day, the finding that 7 non-nappers slept on DAY 3 is especially diffi-
cult to understaand since only 5 of them napped in the optimal DAY 2
environment, Siince we were surprised to find that so many subjects
napped on DAY 3, we sought 1o understand the conditions that contriruted
to this. particularly among non-nappers,

Threo possible factors could have accounted for this, Pirst of
all, the DAY 3 alerting snvironment may not have been slegp~hostile
enough, This seems unlikoly, given the radicilly differen: body position,
lighting, and noise levals of the two nap days, and the fact that while
two additional non-nappers nappad on DAY 3 (ve, DAY 2), two fowar
nappars napped on DAY 3. Maoreover, on a questionnaire we developed
called the Preference for Background Sounds or $ilence (PBSS; sce
Appendix [11), non-nappers scorad significant!y lowar than both napper
groups (p<.05), :ndicating legs tolerance to background sounds, Thus,
it iy difficult to arguo that the frequont extraneous nolses throughout
DAY 3 coupled with the other distractors ware not sufficient to create
an cuvironment that confirmed non-nappers should have found totaily

unzonducivae to sleap.
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Another explanation for non-nappers' sleep on DAY 3 concerns

the effects of laboratory adaptation on the ability to nap. Since DAY 3

,
ST inlu;ﬁumMAa&J;;AJ

always followed DAY 2, non-nappers may have been more likely to nap
on DAY 3, since DAY 2 acclimated them to the procedures of the naps.
This view predicts that the 6 subjects who did not nap on DAY 2 should
nap on DAY 3, yet only 2 did so, and 2 other subjects did the reverse,
that is, napped on DAY 2, but not DAY 3. While the adaptation expla-
nation of the DAY 3 napping cannot be fully discounted, some other
dimensjon must have been involved that was capable of increasing
the non-nappers' likelihood of sleep on DAY 3.

Analyses of sleep diary data for nocturnal sleep duration the
nights immediately before nap DAYS 2 and 3 provided a third alternative
to explain non-nappers’' increased DAY 3 napping tendency, Within
2ach napper group the average amount of sleep the night before DAY 2
was not slgnificantly different from the slecp duration the night before
DAY I, However, non-nappers' pre-~DAY 3 nocturnal sleep duration
(; = 380 minutes) was significantly shorter than their pre~-DAY 2 nocturnal
sleep (X = 280 minutes, p<.02, two-tailed),

While the DAY 2 value was very close to their average nocturnal
sleep (X = 410 minutes) during the 30-cay diary, non-nappers' duration
of sleap the night before the nap in the sleep-hostile DAY 3 environment
was nearly an hour and a half shorter than usual -- 44 a result of non-
nappers (nlling asleep significantly later that night comnared to their

usuas time (3346 aum, vs, 2:04 a,m.; p<.05).

T




80,

It is noteworthy that subjects were told in advance that they
were going to be asked to nap a second time in a dormitory-like environ-
ment (somc sounds, light, and a chair), and were also requested to
maintain their normal sleep schedules the night before the laboratory
naps, Non-nappers appear to have suspected that they would have
difficulty napping with extraneous sounds -- as indicated by their
PBSS questionnaire responses -- without the added impetus of addition-
al sieep need, Consequently, they may have complied with the demands
of napping in the sleep-hostile environment of DAY 3 by increasing the
likelihood of napping through partial sleep loss the night before.

In some respects, replacement nappers' nocturnal sleep before
hoth laboratory nap DAYS 2 and 3 was similar to this non-napper DAY 3
situation. Replacement nappers had nocturnal sleep lengths before
DAYS 2 and 3 that were close to what they averaged for diary nights
before nap days at home, but significantly below what they averaged
on nights before non-nap days at home, Appetitive nappers, on the
other hand, had no significant differences in nighttime slecp durations
the nights before laboratory naps, naps at home, and non-nap days.
The details and implications of these data for understanding differences
in the functions served by napping in replacement and appetitive nap-
pers will be presented in a later section,

Iy, Nap sleep Iinfrastructure in nappers and non-nappors. The

fact that the majority of subjects in each group napped on both DAYS 2

and 3 permitted extensive analyses of nap sleep infrastructure between

|
|
|
|
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groups within a nap day, as well as between nap days within groups.
While a number of aspects of nap sleep staging and cycling were meas-
ured, only thosc findings that were clearly significant for a variety of
measurements on a given dimension will be presented. Results that
replicate or fail to replicate our earlier studies are noted, in an effort

to focus on the most reliable differences.

. (1) Sleep onset, Our earlier work had found that confirmed non-
nappers took longer to fall asleep during an afternoon nap in a sleep-
conducive environment than either replacement or appetitive nappors ., *

While the original finding was significant for both stage 1 and stage 2

L definitions of sleep onset, neither measurc replicated the result in the
current study. Among the subjects who slept on DAY 2, non-nappers fell

asleep as quickly as nappers, and among those subjects in each gioup

il

who napped on both DAYS 2 and 3, sleep onset was not significantly
different between DAYS 2 and 3. Thus, while fewer non-nappers aro
able to 111l asleep during an afternoon nap, those that do appear to be

able to {all asleep as rapidly as hak;itual nappers.,

A e Cavaie . et el

Since the current study asked subjects to take their first labora-

tory nap after an initial day of laboratory acclimation, and the earlier

——

work required napping on the very first visit to the laboratory, it {s likely

that the sleep onset differences found in the earlier study were the result
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*Ihese analyses included only those subjects who actually
nappaed, since averaging in those individuals who did not sleep during
the 1-hour nap (slecp onset = 60 minutes) would misrepresent the actual
sleep latoncy of non-nappers,
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of poorer laboratory adaptation by non-nappers, or their greater anxiety
over being asked to nap shortly after coming to the laboratory.

(2) Total sleep time and sleep efficiency. The nap periods pro-

vided subjects in the current study as well as in the earlier investigation
were 60 minutes in duration, though subjects were not told how long they
would have to nap. Despite the differences in sleep onset latency be-
tween nappers and non-nappers in the early study, the total sleep time
(TST) from any definition of sleep cnset did not vary significantly as a
function of group in either the earlier or current study.

Physiological sleep efficiency (Total Sleep Time [TST] divided
by total bed time, i.e., 60 minutes), however, was significantly lower

for non-nappers in the earlier study -- as a result of their longer sleep

onset latencies -- but did not replicate for subjects who slept on either
DAYS 2 or 3 of the current investigation. Moreover, sleep efficiency
was not significantly different on DAY 3 compared to DAY 2 for nappers
and non-nappers who slept, Thus, for all subjects combined, sleep

efficiency (from stage 2 onset) averaged 68% on DAY 2 and 64% on DAY 3,

compared to a slightly lower 58% in the earlier study.
I'hysiological sleep maintenance efficiency (TST/time in bed after )

first sleup onset) was higher for non-nappers in the earlier study but did
not replicate on either nap day of the present study. For all non-nappers and
nappers cynbined, mailntenance efficiency averaged 85% in the earlier studv, g
i
|

l.ike slecp efficiency, maintenance officiency was not affected by the DAY 3
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environment, though this does not mean DAY 3 did not have eifects on

specific sleep stages.

(3) Sleep stages. Among the more intriguing differences found

in our earlier work were the nap sleep infrastructure differences observed
between nappers and non-nappers during naps in a sleep~-conducive
environment, Specifically, appetitive nappers appeared to have signifi-
cantly higher amounts of stage 1 sleep during their nap than either re-
placement nappers or confirmed non-nappers. Given the nature of these
differenres, and the increasing amount of sleep literature suggesting
specific stages of sleep are not reliably related to waking function, we
thought it prudent to attempt to replicate these stage 1 differences, as
well as Lhoroughly re~examine our carlier data for clues regarding the
nature of tha stage 1 differences, DAY 2 of the current study provided
the sleep-conducive environment, and additional scoring of some of the
carlier data allowed an extensive comparison between the studics,
Table 2 summarizes the major nap sleep infrastructure compari-
sons between groups in both studies. The column on the right indicates
which differences were statistically significant (in the same direction)
in both studies, and consequently, presents the replicated findings.
while it is clear that significant differences were found in each study
that ware not replicated in the other, the stage 1 slecep difference bo-
tween appetitive nappers and non-nappers did, clearly, replicate. This
was the case for total minutes of staga 1 sleep, minutes of stages 1+2

sleep, and number of 30-second stage 1 sleep epochs, In addition, the

N
i e . dln . .
s S IRRE S g




84.

TABLE 2
Mean values of nap sleep infrastructure parameters for two studies of appe‘itive nappers (A),
raplacemant nappers (R}, and confirmed non=nappars (N) who slopt during 0~minute afternoon
nap pariods in sleep-conducive environments,

U 1411 ] & 1) DAY 2 of cyrrent siydy
A-test A R N | t-test ([difference

A R
n= 1 9 resultad | 10 10 5 | results!|ireplicated

Stage 2 slecponaet {mins) | 13,5 11,6 25.4] NOR,A [1l.1 11.9 .
10,0 B8.5] AN A>N

Nap paramater

N Mins. of stage 1 sloep? 8.1 4.4 3,4] A*R,N [13,5
: Mins, of staye 2 sleap 15.6 18,6 16,8 14.3 20,0 10.8{ ROA,N
, Mins, of stages 142 slesp | 24.9 23,0 19,90 AN 27.8 30,0 19,3} AR>NYl A>N
. Mins. of stages 3+4 sleep | 16,0 19,0 13,1 22,1 16,9 27,21 N>R
Mins, of REM sleep 0,0 0.0 0.0 0.0 0.0 0.0
- Total sloep Time {18T)3 32.2 38,0 30,0 40,6 4L 4l
Wstane 1 epoths (30-88¢) | 5.7 2.6 Z.2| ASR.N | B.7 7.8 S.6] AN [ ASN
4,0 4,2

& awakanings after 1| onset
¥ staye changes (30-sec)4

16.8 18,0 1l1.6! ARON| A>N

L Ditferences significant at p<,10 (2-tailed) o} iass are reported.

2 Thin includos stage 1 prior to stage 2 slesp onset,

3 Measured from stage 2 onset.
4 1n the earlier study no distinclion was made botween stages 3 and 4 sisap, while in tha current study
thin paramoter includod atages 3 and 4 fluctuntions an well,

total number of 30-second stage changes after sleep onset was greater

i

5 for appetitive nappers relative to non-nappers. These brief stage fluc-
‘ tuations accompany the increased light sleep of appetitive nappers, and
;" may actually produce increased stage 1 in this group.,* Highly consoli~
é\f{ dated sloep, like that of the non-nappers, would less often tfluctuate to

#

lighter sleep stages, and thus yield less light sleep.

Though replacement nappers' stage 1 values fell in between that
of appetitive nappers and non-nappers in both studies, their valucs were

mora similar to that of appetitive nappers in the present study, and to that

of non-nappers in the carlier work, Thus, replacement nappers' sleep

‘Consistent with extensive literature, REM slecp was ahsent in
thesa aflornoon naps under 60-minute duration,
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infrastructure can vary considerably in the degree to which it is con-

solidated, and the amount of light sleep. Appetitive nappers and non-

nappers appear to show somewhat more characteristic patterns, at least

for nap sleep in an optimal envircnment,

Nap sleep staging in a less sleep~conducive environment appears

to have cffects quite independent of group differences in sleep staging

in a dark, quiet nap environment. Table 3 displays the results of sleep

stage comparisons between groups, across nap DAYS 2 and 3 (includes

only subjects who slept on both DAYS 2 and 3). The analysis of variance

TABLE 3

Mean minutes of nap sleep stage infrastructure parameters for 9 appaeticive
nappers (A}, 9 replacement nappars (R}, and 5 confirmed non-nappers (N)
who slept during 60-minute afternoon nap poriods on DAY 2 (sleep-conducive

environment) and DAY 3 (alerting environment),

DAys!
Nap parameter Group DAY ? DAY 3 F B<
1,20
A 11,7 0,7
Sleep onsat (stage 2) R 12,2 12,2 6.12 ns
N 12,9 12,8
A 12,1 13.6
Stage 1 sleep (toral) R 10.1 i3.1 10,02 « )08
N 8.5 14,8
A 14.2 15.7
Stage 2 sleep R 18,0 20.6 3.12 ns
N 10,8 18.3
A 5.6 5.6
Stage 3 sieep R 6.3 5.7 0.27 ns
N 6.7 6.1
A 15,7 10,2
Stage 4 sleep R 11.6 8.9 9.65 .0
N 21.8 8,5
A 39.6 37.4
Total sleep time from R 41.8 40,4 1,16 ne
stage 2 onset N 41.6 37,3

1 This ts the [ for the main effect within groups {from nap DAY 2 to 3).
No main effect botweon groups, nor group by day interaction on thase

parameters was significant (p< ,08),

|
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(ANOVA) F values are pre.ented for the main effect of nap DAYS on each
parameter, since these were the only significant effects.*

Examination of Table 3 reveals that while there were no signi-

RTINS O SR TR -7

ficant differences across nap DAYS 2 and 3 in sleep onset or TST, sieep
staging was definitely affected. T3 alerting environment of DAY 3
produced significantly less stage 4 sleep (p<.0l), and reciprocally

! more stage 1 sleep (p<,.00S5) than DAY 2, indicating that changing the

r" nap environment from one that was highly sleep~conducive to one that
was less conducive resulted in some deep sleep being exchanged for
light slecp. Overall subjects averaged approximately 15% less stage

! 4 sleep and 10-15% more stage 1 sleep on DAY 3 comparad to DAY 2,

with non-nappers exchanging the most, that is, 30% of TST going from

I AN . ittt ol i - . b Sk 1 i
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stages 4 to 1 (across DAYS). **
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*To ensure that the ANOVA results were not obscuring important
changeas from DAY 2 to 3 for a specific group, we examined DAY 2 to 3
differences within each group using t-tests for paired comparisons.
These comparisons fully support the main effects reported in Table 3,
and do not suggest any differential effects on groups.
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**As Table 3 reveals, the 5 non-nappers who slept had the greates:
amount of stage 4 sleep on DAY 2, and the smallest amount on DAY 3.
Convarsely, they alsu had the least amount of stage 1 sleep on DAY 2,
and the greatest amount on DAY 3. Despite the greater exchange by
this qroup, no interaction was significant., However, when stages 1
and 2 are combined as a percent of TST, and compared to the percent-
age for stages 3 and 4 combined, an interaction term (groups by DAYS)
approaches significance (F2,20 = 2.70, p<.10), as a result of non-
nappers' nap sleep staging changing more than the napper groups.
The fact that DAY 3 affected non-nappers' sleep staging somewhat more
than nappers' is congruent with non-nappers' PBSS scores, which indi-
cated they were inore likely to be disturbed by extraneous noises than

nappers.
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These sleep stage results are remarkably close to the findings
of a recently published Japanese study of daytime naps in a bed com-
pared to naps in a chair (Ichihara, Miyasita, Inugami, Yatabe, Niimi,
Ishihara, & Miyauchi, 1979). They examined sleep during the first
60 minutes of 2-hour naps in the morning (1000), aftermoon (1300), and
evening (1700), and found that naps in & chair significantly reduced the
amounts of stage 4 and stage REM sleep, and increased the proportions
of stage | and wakefulness, Their afternoon and evening nap data
showed a 12-15% drop in stage 3+4 sleep, and an increase of 11-18%
in stage 1 sleep for naps in a chair relative to naps in a bed. These
oxchang« percentagos are very near to the 10-15% values we found, *and
thus the two studics taken together leave little doubt that even subtle
changes in the sleep-conduciveness of the nap environment can have
demonstrahle effects on sleep stage proportions. What causes these
stage changes, and their relationship to subjective and behavioral con-
sequencues of napping are issues highly relevant to undorstanding the

offects of napping under less than optimal environmental circumstances.

(1) Stage lability. The effoct of the DAY 3 slecp-hostile environ-

ment on sleep staging suggested a more detailed ivok at sleep stage
fluctuations during the naps might clarify the manner in which stage 4
sloep was baing exchanged for stage 1 sleep, Since the DAY 2 between-

group data showed that stage | increases during naps tend to be accom-

panied l y increases in stago changos, dotailad analyses of stage lability

during the naps were carried out,
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The results of those analyses are presented in Table 4, The

dependent variables listed in the Table are the number of stage 1 apochs,

TABLE 4

Mean nap sleep lability parametars for.§ appetitive nagpers (A),
9 replacement nappars (R), and 5 conlirmed non-nappers (N) who
siept during 60-minute aftermoon nap periods on DAYS 2 and 3.

DAYsl
Nap psramater Group DAY2 DAYJ F, ., &€
A 0.2 10.8
Number of stage 1 sleep *
. R 7.7 { Y 12.47  ,008
epochs (J0~sec) N 5.6 11.0
Number of awakenings (15--»)’ : ::; :': 0,75 ol
after stage | slesp onset N .2 8.4
Numbe? of awakenings (i $-sec) : i‘: :‘: 5,60 028
after stage 2 slecp onset o ¢ ¢ ¢
N 1.6 3.2
A 1.3 1.3
Numbaer of awakenings (43-sec) ¢ ¢
R 1.0 loo °o°° ns
alter stage | sleap onaet N 0.0 0.0
A 16.4 21,0
Number of J0=sec stage cMuu‘ R 177 18,7 5,37 .08
' N 1.4 10,4
A 9,0 8.0
Number of 60-aec stage changesd R 0.9 9.0 0.0 ns
N 7.6 7.0

L This is the | tor the main effes* within groups (DAY 2 to DAY 3), No main
sffect betwesn groups. nof gruup by day interaction on theso parameters

was significant (g<,08),

? his Includes all awakenings (determined by ELG criteria) of |3 swoonds

duration or longer,

3 Excludos fluctuations between stages 3 and 4 sieep,

the nums.ar ot awakenings of varfous minimum lengths, and the numbor of

stage changes throughout the 60-minute nap periods., As with the results

presentad in Table 3, Table 4 only displays the ANOVA | values for the

main ecffact of nap DAYS, since both betwoen-groups effacts and intar-

actions were nonsignificant for all lability measures.

The first offact reported in Table 4 is that the number of stage 1| slecp

apochs of 30 seconds duration (or longer) is significantly increased on
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DAY 3 relative to DAY 2 (p<.005). This is yet another way to document
the DAY 3 stage 1 increase, However, this measure emphasizes that the
stage 1 increment is not merely the result of one particularly long period

of stage 1 sleep on DAY 3, but rather, the product of an increase in the
number of relatively brief stage 1 episodes. This increase in transient
light sleep epochs is associated with significantly more brief fluctuations
to wakefulness (indexed by the appearance of EEG alpha) following both
stago 1 sleep onset (p<.0l) and the more rigorous stage 2 onset (p<,025)
criterion, Examination of individual records indicated that the fluctuations
to transient wakefulness tended to precede the stage 1 ocpochs, rather

than the convarse,

1f, however, stage | increases were resulting from increased
wakefulness, then ovorall there should have been significantly more
wakofulness on DAY 3, and less TST., Yet this was clearly not the case,
Tho fluctuations to transient wakaefulness had to therefore be extremely
short to not incrcase the proportion of wakofulness overall. Indeed, as
Table 4 shows, when the numower of awakonings of 45 scconds duration
or longor aro countod, there was no longer an offect of nap DAYS., Total
numbaor of stage fluctuations shows the samo relationship as a function
of upoch longth, Stago lability is significontly highor on DAY 3 whon

30-gocond stage changes are tabulated (p<.05), but whan the mintmum

lanath criterion 18 extended to l~minute stage changes, the offact vanishes,

It appears, therofore, that the loss of some stage 4 sleap and

concomitant increase in stage 1 sleep during naps in the alorting
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environment of DAY 3 is a direct consequence of increased stage labil-

ity -- specifically, very transient fluctuations from deeper sleep to
wakefulness and light sleep, We sought to determine if a particular
characteristic of the DAY 3 alerting environment might have produced

the increased stage lability. Certainly the Ichihara et al. (1979) study
would suggast the DAY 3 chair vs, the DAY 2 bed might have been suffi-
cient to account for the results, However, the PBSS and data from studies
on the effects of varying sound on nocturnal sleep (e¢.g., Cantrell, 1974;
Thicssen, 1978) suggest that the extraneous sounds of DAY 3 also con=-
tributed to the changed nap sleep infrastructure,

While the study was not designed to spmcifically test the offect
of any one environmental parameter on nap sleep, it was possible to
dotermine the extont to which the DAY 3 extraneous sounds affected
sleep, sinve these were recorded on the polygraph paper as they occurred,
Though thae noises were not particularly loud (40 dB to 62 dB spl), thoy
waro audible and fairly frequent, and sgleep stage fluctuations did follow
their occurrence, However, there was no significant pattern of stage
lability associated oxclusively with the extraneous sounds of DAY 3.
This was the casce for all throe groups. Thus, it seems 1ikely that tho
nap sleep infrastructure differances obsorved botween DAYS 2 and 3 wore
producad by the combination of noise, light, and the chair,

Another possiblo interpretation of the nap day differences would
be that they roflect adaptation to the laboratory, particularly to slecping

in the laboratory, and are therofore due to a first nap effect analogous




to the "first night effect" observed for repeated nocturnal sleep recordings
in the laboratory. Agnew, Webb, and Williams (1966) describe adaptation
effects (on nocturnal sleep) in the second and later laboratory periods as
(1) less wakefulness and less stage 1 time, (2) an earlier onset of stage
4 sleep, and (3) fewer stage changas., Lawrence (1971) described simi-
lar effects for repeated laboratory naps. The effects we observed, hovr~
ever, were significant in the direction opposite of laboratory adaptation
effects, We found more stage 1 sleep on DAY 3 (the second nap day)

than DAY 2, and morec stage changes on DAY 3., Since we deliberately
designed tho study so that laboratory adaptation effects would work
against the experimental hypotheses, these findings are especially
compolling.,

Pleall,r it is relevant to note that though the DAY 3 nap period
onsot time {3:50 p.m.) was si¢gnificantly earlier than the DAY 2 nap period
onsot time (4:20 pom.) (F1,20 = 6.85, p<.025), the difference averaged
only 30 minutes, ¥ which 18 not nearly enough time to account for DAYS
effacts by suggesting circadian variations in sleep stage proportions.
Similarly, the amount of prior wakefulness before the laboratory naps
was not significantly different within or between groups across DAYS
2 and 3.
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*DAY 3 was scheduled to bogin at the same time as DAY 2 to
pravant circadian factors from influencing nap sleep; however, be-
cause the pre-nap procedures of DAY 3 were shorter than DAY 2, a
30-minute significant difference in time of nap period onset between
the two days occurred.
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c. Other physiological resylts. i

o (1) EEG alpha activity. In our earlier study (Evans & Ome, !
. [
1975) we noted that non-nappers had less EEG alpha activity (8-12 Hz) ;

. ' than nappers during the 5~minute waking baselines immediately prior ;
' to and 15 minutes following a nap in a sleep=-conducive environment.
1; Since we recorded alpha percentage and frequency during waking base- n
#; lines before and after nap DAYS 2 and 3 of the current study, we were able 3
to compare groups again, as well as the effect of nap DAYS.

Nappers and non-nappers did not differ significantly in the curmrent

: study in either alpha percentage (group means ranged from 40% to 60%)
} or frequency (9.5 Hz to 10.5 Hz). Immediately prior to the DAY 2 nap,

all groups (those subjects who slept on DAYS 2 and 3) had significantly
;“‘ less alpha percentage than immediately after the DAY 2 nap (3_1 ,22‘15 .31,

p<.001), and less alpha than immediately before their DAY 3 nap

‘a

f’ (£1,20%9.35, p<.01). Alpha percentage increased from before the DAY 3

53 nap to after the DAY 3 nap (F; ,22%4.58, p<.05), but the change was less

{'3 ' robust than on DAY 2,

% The lower alpha percentage prior to the nap periods of DAYS 2 and

3, particularly prior to DAY 2, was likely the result of increased drowsi-

! ness prior to the nap (see Paskewitz & Orne, 1972). Nevertheless, since

: the DAY 2 alpha baselines were taken while the subject was lying in the

bed, in the dark, quiet room, it is not surprising that the DAY 2 pre-nap
baseline had the least alpha, since it was probably the period of greatest

drowsiness for all subjects, especially those who subsequently slept.




While it might be tempting to conclude that the naps served to
increase the percentage of alpha in the wake EEG, the greater drowsiness
before the naps compared to after is a more parsimonious explanation for
alpha increases across the naps. This is supported by the fact that the
4 non-nappers who did not fall asleep on DAY 2 also averaged significantly
less alpha before the nap period than after the nap period (t=2.62, p<.0S).
Clearly, it could not have been sleep per se that increased their alpha
perceniage.

Unlike alpha percentage, alpha frequency did not change signifi-
cantly from pre-nap to post-nap for subjects who slept on either nap
DAY 2 or 3. However, all groups did have significantly lower alpha fre-
quency on DAY 3 relative to DAY 2 pre-nap (_lf‘_l '20=10 .52, p<.005) and
post-nap (L, ,20°10.51, p< .005) baseline. Though subjects who slept
had no significant change in alpha frequency across the naps, non-nagpers
who did not sleep on DAY 2 had a significant drop in alpha frequency from
pre- to post~nap period on DAY 2 (t=4.97, p<.02, two-tailed).

1f increased EEC: frequency following naps is assumed to be indica-
tive of increased physiological activation, as Taub (1977) and others have
suggested, then non-nappers who were unable to sleep on Day 2 were
significantly less activated by EEG criteria after the DAY 2 nap period rela-

tive to before it. Similarly, subjects were generally less activated by
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*Wilcoxon matched~pairs signed-ranks tests confirmed these
DAY 2 versus DAY 3 EEG frequency differences, thou_h the effect appeared
less robust nonparametrically (p<.18 for pre-nap frequency, and p<.0l
for post-nap frequency, two~ailed).
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EEG criteria on DAY 3 relative to DAY 2, . 3

The lack of changes in alpha frequency from pre-nap to post-nap
baselines on DAYS 2 and 3 were unexpected, since Taub (1977) reported
that EEG frequency increased significantly for habitual nappers from 20
minutes before to 20 minutes after 1/2-hour and 2-hour afternoon labora~
(. tory naps. These cortical frequency increments were part of a pattern
of psychophysiological changes that he interpreted as increased activa- ]
F: tion resulting from naps. Heart rate, electrodermal activity, and sub-
jective activation also showed significant increases across the naps, i

and all measures were intercorrelated with improved RT performance fol-

S lowing naps, relative to wake control periods. EEG frequency change".

S correlated highest with RT improvements.

Aeo >

‘“_ It is possible that methodological differences between o:

Eﬁl and Taub's (1977) precluded our finding the EEG frequency resu. .. at
[

'C;-; Taub observed. Since he also noted significant changes in heart: .e

across naps, and since we recorded heart rate during our nap periods, we

sought to confirm his observation on that parameter. It also seemed worth-

RN

while to assess whether DAY 3 was associated with higher heart rates,
analogous to the higher EEG frequencies of that DAY.

(2) Heart rate gnd electrodermal activity. Heart rate was measured
frequently throughout nap periods on DAYS 2 and 3, as well as during the
middle of the 5~minute waking baselines recorded immediately before each
nap and 15 to 20 minutes after each nap. When heart rate during the pre-

nap and post-nap baselines was compared within each nap day, no group
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effects, nap effects, or nap DAY effects were found. Contrary to Taub's (1977)
report, there was no significant increase from pre-nap to post-~nap waking
baseline for specific groups or all subjects coinbined. Moreover, unlike
alpha frequency, there was no significant difference between the heart rates
of nap DAYS 2 and 3.

Electrodermal data were not as thoroughly scored as the other physio-
logical parameters, due to the generally lower priority ¢f this parameter com-
pared to the nap sleep characteristics. Nevertheless, analyses of skin re-
sistance levels during the pre-nap and post-nap baselines of DAYS 2 and 3
revealed no significant differences within or hetween DAYS or groups.

Although we were unable to replicate either Taub's (1977) physiological
findings or our earlier EEG frequency results for nap DAYS, the heart rate and
electrodermal data are in agreement in lack of effects, and generally fit with
the alpha frequency findings in terms of no clear changes occurring from before

to after the naps. Of course this does not mean that subjects did not derive
significant subjective benefits from the naps, or that physiological parameters
had no relationship to performance and subjective ratings in our study. As
will be detailed later, perfcrmance after the naps was meaningfully related
to physiological aspects of nap sleep, and physiological parameters appeared
to roughly indicate which individuals would be able to nap.
(3) Oral temperature. Body temperature appeared to be related to nap-
per - non~napper differences in our earlier work, such that replacement nappers
had somewhat lower temperatures than non-nappers, prior to a laboratory nap.

For the current study we recorded sublingual temperature several times, both
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before and after naps and on control days, to determine to what extent temper-

ature was related to group differences and nap effects, relative to wake control

periods.

Our hypothesis regarding group differences predicted that non-nappers
would have significantly higher temperatures than nappers prior to laboratory
naps (Evans & Orne, 1975) but not necessarily after naps, since body tempera-
ture tends to drop during sleep and during some periods of quiet wakefulness
(Kleitman, 1963). Indeed, temperature changes from § minutes before to §
minutes after both nap DAYS 2 and 3, as well as control DAYS 1 and 4, dropped
significantly for all groups (trials’ Fs were significant on each of the 4 days
at the p<.025 level and lower). Approximately 45 minutes after the nép days,

each group's mean temperatures returned to near their pre-nap values.

Examination of pre-nap temperatures for groups revealed that non-nappers
averaged higher temperatures than nappers, and in particular, the 4 non-nappers

who did not sleep on DAY 2 averaged the highest temperatures, at least on that

day. Replacement and appetitive napper groups did not differ from each other,

however, in mean pre~nap temperatures, and consequently were pooled for

comparison with non-nappers. Figure 4 illustrates mean body temperatures

*
for all 9 non-nappers and 21 nappers at 60 minutes prior to and again at

*One appetitive napper had to be excluded from this analysis due to
missing temperature data on DAY 3. All subjects were included in these anal-
yses, regardless of whether they slept during the nap periods, since the com-
parisons were on temperatures prior to the naps. The temperatures presented
in Figures 4 and 5 may appear to be a few tenths of a degree lower than typical
clinical recordings. This is a function of the Tempa-Dot thermometers em-
ployed both in the laboratory as well as at home for circadian data. Given the
number of subjects, and the extent of the data collected, it was considerably
more practical to use these disposable thermometers than alternative glass bulb
thermometers. Our pilot data indicated the Tenipa~Dots would be sensitive to
diurnal fluctuations in temperature, and the laboratory data as well as the cir-
cadian data we collected during the study confirm that impression.
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Pigure 4. Mean sublingual temperature readings taken during the ! -hour
period prior to <he laboratory naps. Confirmed non-nappers were
compared to a combinad replacement and appatitive napper groug.
Two-way repssted maasures analysis of variance on the data
yielded & main effect for groups ([ 2426.08, p<.028), and a
main effect for trials (£3 gye26.13, p<.001), but no interaction
I3,04%0.93. > .20),

5 minutes prior to the DAY 2 and DAY 3 nap periods. The two-way repeated
measures ANOVA yielded a significant between-groups effect (}_‘1‘38=6.08,

p<.025), and t-tests for a priori comparisons between nappers and non-

nappers at each point confirmed that nappers averaged significantly {(5<.001,

two-tailed) lower body temperatures than non-nappers be fore both iaboratory
naps.
If the higher body temperatures of non-nappers were indicative of a

tonic level of higher arousal relative to nappers, then non-nappers should
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also have significantly higher body temperatures upon coming to the labora-
tory on control DAYS 1 and 4. However, this was not the case. While
nappers continued to average lower temperatures on control days compared
to non-nappers, the differences were considerably less than the pre-nap
days' differences, and there was no overall main effect between groups
(£1,28=1.15, p>.20).

The differences pictured in Figure 4 appeared, therefore, to be
representative of subjects' state prior to the sleep sessions on laboratory
nap days, but not necessarily reflective of non-nap control days. It appears
that nappers reacted to the nap and control days differently, such that they
were physiologically prepared to nap upon coming to the laboratory DAYS 2
and 3 (and their body temperatures reflected this lower arousal), while
they were aware they would not be napping on control DAYS 1 and 4 (and
thus were generally more activated). This view preéicts that nappers
should average significantly lower body temperatures on laboratory nap
days (prior to the nap periods) compared to wake control days, while non-
nappers should have no significant difference between nap and control day
temperatures. To test this, we compared the first temperature recording
taken on the two nap days to the first temperature recording taken on the
two control days.

Figure 5 presents the results of these comparisons within each
group. As predicted, the main effect for days (nap days versus control
days) was significant for replacement nappers (}_‘_1‘ 30=20 .96, p<.001)

and appetitive nappers (21,2 7=4.73, p< .05), but not *~ - non-nappers
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Figure 5. Histograms of mean sublingual temperaiure for the first recording
made on {C) wake control days (DAYS | & 4), and (N) laboratory
nap days (DAYS 2 & 3). In all cases the recordings were made

’ﬁ T
P '! -
e

-~

L::' about } hour prior to the 60-minute wake or nap periods, Treat-

o~ ment by treatment by subjects analysis of variance was performed

‘. within edch group.

;‘I

» J (_I_‘l 2 4=1.60, P>.20). Nappers averagad significantly lower body tem-

peratures before the nap periods than before the wake control periods. The

L3 298 Wl U

effect was larger for replacement nappers, but when the second temperature
reading (5 minutes pre-nap or pre-control period) was used, the effect was
qgreater for appetitive nappers (F, ,27°12.46, p< .005) than replacement
nappers (L) ,30=7-27, B< .025). Of course, combined napper groups also
showed the effect. The data suggest that nappers have lower physiological

arousal, as indexed by body temperature, prior to anticipated nap periods.
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It is noteworthy that Taub (1977) reported oral temperature increased
in his subjects from 20 minutes before to 20 minutes after a wake control
period but not laboratory naps, while heart rate, EEG frequency, electroder-
mal activity, subjective activation, and behavioral efficacy (RT) showed
significant increases following naps but not following a wake control period.
This led him to suggest that the assumption that tempeorature is a compre=-
hensive index of organismic activation may be invalid if one is talking
about activation as a unitary concept in psychophysiological terms.

Indeed, there are frequent conditions where temperature and other
physiological and subjective parameters are out of synchrony, and thus a
unitary concept of activation is probably inappropriate. We have found,
however, that the asssssment of body temperature surrounding naps and
wake control periods requires freyuent measurement to appreciate the vari-
ous parameters than can affect this variable. Thus, depending on when
temperature i8 taken following a nap or control period, whether an individ~-
ual is a napper or non-napper, and what a subject does betweon the pericd
and the measurement will determine whether one sees significant increases
or decreases in temperature, regardless of whether sleep has occurred.

Furthermore, sublingual temperature may reflect not cnly arousal
manipulations the experimenter imposes intentionally, but also arousing
aspects of the setting not of obvious relevance to the study. For example,
our temperature data showed a significant drop across laboratory visits
for all groups individually and pooled, including those subjects who napped

on both DAYS 2 and 3 @3,60"25‘09' p <.001). This is apparently a

™ S —
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laboratory adaptation curve that exists largely independent of the tempera-
ture changes between groups, across 60-minute treatments, and within
napper groups between control and nap days. Body temperature therefore
appears to vary systematically as a function of a numbel' of parameters,
ard its assessment requires attention to these parameters, as well as
circadian and environmental influences.

A careful timing of temperature recording can, nevertheless, provide
some insight into individual differences in the ability to sleep, or to sleop
and derive benefits from {t, Just as Monroe (1967) found that poor noaturnal
sleopors had significantly higher body temperatures prior to and during thelr
nocturnal sleep relative to good nocturnal sleepers, wo found that poor
daytime sloepers (confirmed non-nappers) had significantly highor body tem-
peraturas prior to naps relative to good daytimoe sleepers (nappers). While
weo believe that the higher tomperatures roughly index non-nappers’' inability
to onsot sloep in tho afternoon, at least in the laboratory, we are loss cer-
taln that tho temporatures relato meaningfully to the unpleasant post-nap
afternffects gonfirmod non-nappers report experiencing, Porformance data,
subjootivo data, circadian data, and sloep diary data must be assessed
before concluding that tho sleop staging, stage lability, and temperature
differences we observed are relevant to nappers' use of napping to enhance

offective funvtioning, and confirmed non-nappers' avoidance of napping.

2. Porformance Resilts,
a. Sleep infrastrycture and post-nap performanco. DST and RNG

performance were assessed throughout experimental and control sessions,

U kil et dldanal R
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including immediately after nap period termination on DAYS 2 and 3, as
well as 35 minutes later. RT performance was recorded at nap offsot (sub-
jects waro required to answer a phone signaling the nap period was over)

and again 20 minutes later.

it . e

While both DST and RT post-nap performance appeoared to be
atfocted by nap sleop, RNG performance was not affected by oither nap

sloep or wake (control) periods, and groups did not differ in their degree

k.‘. of randomnoss at any point. DST and RT, on the other hand, ware profound-

ly influencod by the nap poriods ralative to wake poriods, Specifically,

it

porformance on both tasks wae doprossed within a fow minutas of nap

| tormination, but rogovorod within 20 to 35 minutes. Since qualified nap-
pors and non=nappers did not differ in thoir baseline porformance on DST

and RT tasks, it sconiod reasonable to flrst oxamine the relationships

p botwooen post-nap paorforniance and nap sleep infrastrcture, and thon

;;ﬁ cumpare spoocifie groups, Consaquently, wo initiully analyzod the por~
ii formanco of all 67 subjocts seen in the laboratory, including unconfirmed
ij nappors and non=-nappers,

j ’ FMiguros Ga and 6b graphically presont DST and RT performance

prior to and following nap DAYS 2 and 3, respectively, for all 67 subjects,
Immodiato post=-nap performance docroments and subsequent incroments
aro ovidont for RT and threo measuroes of DST performance, including both
spood and accuracy. On nap days, RT to the phone was signi{icantly
slowar at nap torminadon than 20 minutes later (t=3.56, p<.001; and

1=2.32, p<.05, two~tailed), Similarly, DST performance paramoters were
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Figure 6, Mean performance on resction time (RT) and three measuras of
descending subtravtion task (DBT) for 87 young adults beforv and
after naps In a sleep=conducive environment (A) and in an aloerting
environment (B). Better parformance in up on all graphs, Porlor-
manoe at | minute post=nap was signifioantly bolow pre=ndp and
subsequent post-nap levels for all measures except DT aocuracy
on DAY 3,
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1 significantly pooror immediately aftor the naps compared to before tho nap
1]

3 poriod, 45 minutes later, and wake control periods (all {8 significant at

\

»

@" < 0% or lowor, oxoept for DAY 3 acouracy moasures whoro 8 wore p<.20,

wo=tatled), Ovorall, theoreforo, it appeared that both siinple motor reao=
tion timo and complox cognitive performanco were deprossod upon awaken-

ing, and thon improved shortly thereafter, Wilooxon maichod-pairs signed -

ranks tosts confirmed these findings,
Tho robustness of these immodiate post=nap performance decroments,

ag woll as thar relovanco to the implementation of napping regimes during

quakl ~gontinuous performanceo schedulos , mnocouraged a complete ansessmoent
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of the decrements in relation to nap sleep infrastructure. The DST
moasure wo employed for these analyses was the number of correct ro-
sponsaes per second, times 1000, This measure was sensitive to both
speod and sccuracy changes. RT was carried as the apeed of response
Iln soconds. A varioty of dimensions of nap sleep infrastructure waere
correlated with RT and DST performance changes across the nap periods,
(1) RTI dgcrement. T-ble 5 presents the resulting Pearson prod-

uot moment correlation coefficients with an adjustment of significance
TABLE §

Product moment correlations between immediate post-nap performancve
and nap sleep of 87 youny adults,

Nap flesp Stages
Task Day DST -4  3-4 13-4 3 1 Awake* stage®

000 .18 .ll ol‘ -.08 -.Ol '.l’ .‘2.
"ol" 13 309 18 ".07 -.03 “00' .37.

RT

w4 =, 40% =, 38% <38 03 .38 <, 14
D81 < 82" «.80° - 88% <.23 .08 .38 -.dd*

* Time awake or in Stage | immadiataly prior to bell,
& Stage at ball,
v p< 002 for p< .08 by two=talled Bonferroni procedure,

lovoln using a multistago Bonforronl procedure (Larzelore & Mulaik,

1977) 1o minimizo tho possibility of capitalizing on chanoo given 30
corrolationd on a data uot.* Examination of Tablo 5 shows that Rl and
DEY post-nap poriormance decromenis were not correlated on either nap
day, sugyosting thoy wore associatod with differont aspects of nap sloop.

R was significantly correlatod with only one parametor, namely,

----------- e N B g S N S e P D TS W e R G B g PP T P G DU U a N G G W NS M DGR G e D MDD gy W S WD M G S bt e M G e B

“All significant offects regarding post-nap performance wore also
confirmod using Spearman rank order correlations and ohi square analysos.
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stage at the bell (nap termination), such that the deeper the sleep stage
(awakew0, stage l=l,..,.stage 4w4) the slower the RT. Figure 7a illustrates
T L]
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, Figure 7. (A) Mean reaction times to answaeting a tolephone for young adults In various ;
. atages of aleap al the termination of 60=minute altemoon nap porivds in sleap= ;
conduoive (DAY 2) and alerting environmanta (DAY 3), Values in parenthesen
are the numbet of subjects included in each data point on each nap day. The

) wake condition was the mean RT for subject groups 20 minuten alter naps, The
v DAY 2 RTw were to & 72«dB bell whereas DAY 3 RTs were to & 93-db bell,
M {B) Immadiate post=nap DET parformance as parcent of pre~nap levels for

ey subjects varying in amount of stages 2+3+4 sleep during nap DAYS 2 and 3,

',n,.“ The DT measure smployed was the number correct per unit time, and thus

- includes adjustment for spsed and accuracy. Values in parentheses are the

‘o number of subjects at each data point, No subject had more than 80 minutes
staQes 24344 on DAY 3,

this relationship. While the louder DAY 3 boll and alerting onvironmont

' survod to deoreaso RT from all stagos relative to DAY 2 (p<.0001), the

bulk of the RT doorement at nap termination resulted from stago 4 sloep

W
awakonings,  This confirms findings from nocturnal studies of suddon

------------- S o S S e D N RN B g M G0 bt M W BN D s G T ) S W D NS G e LS N D G G (W YU G e ey e o

*I'wo~way repeated measures ANOVA within oach nap day (Figuro 7a)
violdixi a main of{foot betwaoen groups (i.e., stages: DAY 2 E4,62%3. 43,
R<. 0257 DAY 3 ['%3.43, p<.025), a main effect within groups (i.e., nap vs.
wako RT: DAY 2 [} ¢7%16.13, p<.,001; DAY 3 ['=6.23, p<,001), and a sig-
nificant mtoructton '(DAY 2 L4,62=4.18, p<.,005; DAY 3£-4 54, p<.0l),
Post hoc Scheffe comparisons botwo«m means within each nap day revealed that
Rl from siage 4 sleop was significantly longer (p<.01) than RT from all other
Klagos,
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awakening (Goodenough et al., 1965; Okuma et al,, 1966; Scott &

Sayuar, 1868) and Webb and Agnew's (1964) study of afternoon naps.
_- Immadiato post-nap RT performance is related to stage of sleep at
awakening, and not to time spent in sleep or any other cumulative factor.
! (2) DST deocrement. The converse appeared to be true for DS

f immoediate post=-nap performance decrement, As Table 5 shows, DST

4 sorformanco was liqniﬁoantiy ralated to the amount of sleep on nap
F. DAYS 2 and 3, but not necessarily to stage at awakening. In fact, the

T highost Di'l' coefficients within each nap day were for the relationship

with stagos 2+3+4 sleep combinad, that is, TST from stage 2 onset

(fw=.48, p<.0001, and y=~.60, p<.0001), The more the 187 during

T T Armle m

napms, the pooror the immediate post-nap cognitive performance. Fig-

" ure 7b depicia this relationship on each nap day.

~ Chi squarc analysis betwoen nap days confirmoed that a day of

” yroator stagos 2+3+4 sloop for a subjoot was likely to be a day of greater
; DS docromont (x2wll.66, divl, p<.001), This was not the case, how-
ovor, for tho rolationship between stage at nap tormination and DST decre-
ment fxz‘a0.44). bEven subjects who wero awake or in stago 1 sloep at

nap tormination had a DST decrement propurtionate to thoir TST as long as
thoy had not been awake (or in stago 1) more than 5 minutes. If they had
Lboon awako {or more than § minutes, thoir DST decrement was loss than
usual for a given sloop length, indicating the DST porformance bogins
robounding back to pro~nap levels within § to 10 minutes of nap termina~

tion, By roughly 35 minutes after the nap, DST performance had
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rebounded to or above pre~nap levels, such that the greater the decrement,
the greater the subsequent increment to pre-nap levels.

These results dramatize a 1:umber of issues relevant to napping
in a context where an individual may be required to perform at peak effi-
ciency, at a moment's notice, and at unpredictable times. First of all,
the alerting environment of DAY 3 had much less effect on post-nap per-
formanue decrements than we had anticipated. Both motor and cognitive
#ﬁ, deficits wore evident on DAY 2 as well as DAY 3. Moreover, the degree
' of the cognitive performance decrement was remarkab:ly similar to that |
found after awakening from nighttimo sleep (19%-25%: of. Pritchett, 1964;
9 Hartman & langdon, 1965; Wilkinson & Stretton, 1971),

Furthermore, the common assumption that performance at awakening

™
is tho result of the carry-over effects of the brain's state immediately pre- :

ceding awakoning was not supported for cognitive performance. While

simple motor RT roflected the oxpected sleep stage effect, DST performance .

(both speod and accuracy) was unrelated to sleep stage at nap's end, but
*

was related to total sleep time. While we did not predict this, the finding

ls congruont with a growing body of evidence suggesting that 8leep length

L8 considerably more powerful in predicting certain aspects of performance

L R R e T T Y L T W P T R L L L e X

*DST decrement was significantly correlated with stage at nap termi-~
nation on DAY 3, but not on DAY 2 (see Table 5). However, the correlation
was less robust than the TST-DST coefficients, and partial correlations re-
vealed that the DST correlation to stage at nap termination on DAY 3 was the
result of I'ST being significantly correlated with stage at nap termination on
that day (r=.48, p<.0001). When TST was partialed out, stage no longer :
correlated significantly with DST decrement on DAY 3 (r=.19, p >.10), and '
when stage at nap termination war partialed out, TST still correlated signifi~
cantly with DST decremont (f=.50, p<.0001).
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after sleep than any particular sleep stage (Johnson, 1973; Johnson,
Naitoh, Moses, & Lubin, 1974; Lubin, Moses, Johnson, & Naitoh, 1974).

While TST was clearly associated with DST decrement on nap
days, there was, nevertheless, some indication that it was amount of
stages 3+4 sleep that contributed most to this relationship. All the sig-
nificant correlations in Table 5 between DST and sleep length involve
slow-wave sleep, and the correlations between DST and stage 2 sleep,
or stage 1 sleep alone (as well as stages 1+2 sleep combined) were not
significant. Thus, it is possible that given the same total sleep time,
but differing amounts of stages 3+4 sleep, the subject with the greater
slow-wave sleep would likely experience the greater DST decrement. In
light of this, we <~amined our nappers' and non-nappers' performances
and their relationships to the nap sleep infrastructure differences we
observed.

b. DST performance of nappers and non-pappers. Having found
such robust relationships between immediate post-nap performance and
slecep infrastructure for all 67 subjects, we expected that differences in
post-nap performance between our 11 appetitive nappers, 11 replacement
nappers, and 9 non-nappers would be a function of nap sleep infrastructure
differences. Since groups did not differ significantly in stage at nav termi-
nation on either DAY 2 or 3 (Fp ,20=1.13, p>.20), it is not surprising that
RT was not significantly different between groups on either nap day
(Ly ,20=0.48, p>.20).

Furthermorc, since groups did not differ in TST (_P;z'20=0 .12, p>.20),
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DST decrements were not different (&, ,20=1.12, p>.20). Nevertheless,
an examination of DST speed and accuracy revealed that confirmed non~
nappers who slept had significantly more DST errors (lower accuracy)
immediately after the DAY 2 nap relative to both replacement nappers

h (t=2.44, p<.05, two-tailed) and appetitive nappers (t=1.93, p<.10, two- ‘

- tailed) who slept, as well as non-nappers who did not sleep (t=3.75,

p<.01). These differences were not evident on nap DAY 3 or any wake

#: control day.

il i b it

Interestingly, the one nap infrastructure parameter that non-nappers

experienced more of on DAY 2 relative to both napper groups was amount of .

» stages 3+4 sleep (N vs. R, t=3.61, p<.0l; Nvs. A, t=2.59, p<.05, two-

et

9 tailed). Replacement and appetitive nappers did not differ in either slow-
Q:J wave sleep or DST post-nap accuracy decrements. In addition, non-nappers

averaged significantly less stages 3+4 sleep on DAY 3 relative to DAY 2

(t=4.49, p<.02, two-tailed) and, not surprisingly, fewer DST errors on

DAY 3 (t=7.90, p<.002, two~-tailed).

Figure 8 illustrates these data hy presenting percent of slow-wave

sleep and DST errors immediately after nap DAYS 2 and 3 for each group. '
It seems clear that the increased number of errors non-nappers made on

DAY 2 were directly associated with their increased amount of deep sleep
on that day, despite the fact that overall they had the same TST (from "
stage 2 onset) as nappers and averaged the same sleep stage at nap ter-
mination. Furthermore, when the amount of their deep sleep was reduced

on DAY 3 relative to DAY 2, their DST accuracy increased after the DAY 3

e
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Figure 8. Mean perceiit of stages 3+4 sleep and mean number of DST arrors
immediately after nap tarmination for 5 non-nappe.s (N), 9 appeti-
tive nappers (A), and 9 replacemert nappers (R) who slept on both
DAYS 2 and 3, On DAY 2, non-nappars had a significantly greater
proportion of slow-wave sleep during their naps compared to appe-
titive nappers (p<.05) and replacement nappers (p<.01), and fol-~
lowing their DAY 2 naps they had more DST errors than appetitive
(p<.10) and ceplacement (p<.05) nappers., All tests were two~
tailed. Napper groups did not di’fer significantly fiom each other
on DAY 2, and no group dilferences were avident on DAY 3. Non-
nappers had a smaller pmportion of stages 3+4 sleep (p<,02), and
fewer DST errors (p<,002) on DAY 3 relative to DAY 2.

nap relative to DAY 2. Finally, even though napper groups did nct difier
significantly in amount of deep sleep and DST accuracy, appetitive nap-
pers averaged somewhat more of both on DAY 2 compared to replacement
nappers, and thus the napper groups' ranks on stages 3+4 sleep on DAY 2
match their DST accuracy ranks.

This findinyg raises the intriguing possibility that it is the inordinately
higher proportion of deep sleep, and subsequent greater immediate post-nap

cognitive decrement that confirmed non-nappers experience as "unpleasant"
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or a "negative aftereffect" which leads them tc avoid napping. While cur
earliest experimental hypothesis regarding nen-nappers' avoidance of
napping was predicated upon the assumption that they had excessive
amounts of deep sleep during naps, and though the DAY 2 data confirm
this, the DAY 3 data and our earlier study do not entirely support this view.

In our earlier study on napping in an optimal environment (Evans
& Orne, 1975), a delayed sleep onset probably resulted in confirmed non-
nappers having no more slow~-wave sleep during their naps than nappers
(see Table 2); and on DAY 3 of the current investigation the alerting environ-
ment apparently reduced their deep sleep to the level of nappers' (see
Table 3). Thus, on DAY 3 non-nappers had no greater immediate DST
nost-nap decrement than nappers. Can we predict, therefore, that they
were less dissatisiied with the DAY 3 nap compared to the DAY 2 nap?
Although the post~nap DST aud deep sleep data would suggest a positive
answer to this question, examination of subjective da.a vaviewed below
does not support such an answer.

Though the post-nar performance decrement provides important in-
formation on the relationship of nap sleep infrastructure to performance,
it is relevant to remember that all subjects evidenced a return of both
RT ard DST performance to or above pre-nap levels within 35 minutes of
nap tarmination. Since RT was recorded only after naps, it was not possi-
ble to compare it to RT befcre naps and RT on wake control days, to
determine if we could replicate Taub's (1977) finding of increased KT per-

iormance {ollowing naps by habitual nappers. In this regard, it i85 notewocrtiy
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that Bertelson (1979) was not able to replicate Taub's RT findings, and thus

1
H
i
x
i
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som= doubt remains concerning the degree *o which simple motor efficiency
improves following naps in non~sleep-deprived subjects.

Like Taub (1977) and Bertelson (1979) we did not find that performance
on a complex cognitive task improves significantly above pre-nap levels in
non-sleep-deprived nappers ard non-nappers. Of course, this may be a func-
tion of not having tested cognitive performance frequently enough following
naps. Nevertheless, our data show that, regardless of the degree of imme-~
diate post-nap cognitive performance impairment, the rebound during the sub-
sequent 30 minutes is proportionate to the decrement. Moreover, this is true
for both nappers and confirmed non-nappers. Thus, non-nappers do not appear
to be suffering any prolonged cognitive deficits as a result of having napped.
This is not to say, however, that the subjective consequences of a nap
are similar between these groups.

3. Subjective Results.

Extensive subjective data was collected throughout the study, and
included repeated measures of reported sleep depth, time estimates, activa-
tion, sleepiness, fatigue, nap satisfaction, tiredness, capacity, and
refreshedness. While we realize that some of these measures are inherently

*
intercorrclated, we have found it desirable to permit subjects the broadest
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*Correlational analyses were carried out within and between the 10 sub-

jective measures empioyed in the study. By correlating all 31 subjects' respon-

ses to each subjective measure at the same time point within a given day, it
was possible 1o determine what the average Pearson correlation was oetween
any two measures. When all 10 measures were intercorrelated with each other,
a clear pattern emerged. Not all 10 subjective scales were measuring the same

parameter. Rather, subsets of measures were intercorrelated, yielding 4 separat<:

uomains. Post-nap ratings of satisfaction, "feeling now," and refreshedness
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|

range of ratings, since, for example, ratings of sleepiness and refreshed.-

-t~

ness often mean different things to subjects. The measures employed re-

* e

flect those hypothesized to show group or nap effects, as well as those
reported in the literature to be relevant to assassing the subjective effects
of naps. By comparing post-nap ratings to pre-nap ratings and wake con-

trol day ratings, within and between groups, the effects of naps on nappers

e Hl o D G Gk o

and non-nappers can be evaluated, taking into account non-sleep-related

changes over time.

a. Post-nap ratings of depth, time, satisfaction, and aspects
of fatigqye .
(1) Replication of effects from ap optimal environment. Our earlier

L work had shown that following naps in a sleep-conducive environment, nap-
pers (especially appetitive nappers) were more satisfled with their naps than

confirmed non-nappers, and felt better following a nap relative to before it

|
|
|
i
|
|
i

*w
(Evans & Orne, 1975). Table 6 presents these results for the earlier study,
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were all highly correlated (.69 to .76), but were generaliy uncorrelated with
other measures. The largest single matrix of intercorrelations was comprised 3
of ratings of fatigue, sleepiness, tiredness, and AD-ACL factors, genergl activg- .
. tion and deactivation-sleep, all of which were significantly intercorrelated (.31 1
to .72). AD-ACL factors of high activation and general deactivation made up the .
final two d™mains. Neither was correlated with any other subjective measure,
and they were only weakly related (inversely) to each other (~.34). In addition
to the relationship between measures, the reliability of each measure was
# assessed by checking the intercorrelation between repeated administrations of
each scale. All scales showed satisfactory reliability within any given day -
(rs ranged from .41, p<.05 to .89, p<,0001), Each scale's reliability dropped
when assessed between days of the study, but 9 of the 10 subjective measures
remainnd reliable (rs ranged from .30, p<.05 to .58, p<.001). Only the high
activation factor of the AD-ACL had a non-significant between~-days reliability
coefficient (.24), which is consistent with reports of increased variability in
repeated measures on this factor (Thayer, 1967).

**Table 6 includes only those past-nap ratings that were made in the

earlier study. Additional ratings employed in the current study are presented
in later tables.
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TAALE ¢

Mnan valuas of subjoctive rasponses for two studios of appetitive nappers (A}, replacemunt ~1
nappers (R}, and confirmed non-nappers (N) who slept duting 60=minute aftemoon nap periods 1
in cleap~conducive anvironments.

vl Lot et e
Quastion ne i Y 9 | resultal} 10 10 $ | results!ireplicated
How long since spoken w1l 7 49 113 $) 87 (1}
Haw long did you sleep??d 0 0 TR ST
Percant of time asleap? 6% 7% 4% (119 ZOI ..'t!. U |
Awake at tha beli?d TS TR o T 0 o o | )
Huw donp at hal1? 5.8 59 6 60 7.4 & ;
How doap ot dupnl?‘ 7.8 7.4 7.9 7.8 80 7.4 |
Wl Nap satistaction?® | 3.6 8.8 0.8 | AAON | 2.4 1.8 =0.4 | AN JIASN !
#2 Nap salislection?” 3.0 2,8 L | AN {20 1.6 =06 | AN ||ARPN }
#i How do you feel now?® | 2,8 1.7 0.4 [ AN 12 L1 <l AN |[A>N !
82 low do you foel now?? 13,0 1.6 1.2 | APRN |18 10 =08 | AN |[A>N :

! Dittarencos signiticant at g€ .10 (2-tatled) of less are reported,

2 Agked at nap tarmination, subjects respondad to a question regarding the time sinoce they were told they
¢could gu to sloep (minutes), .J

i
i
1
3 Auked & minutes atter the nap termination {(minutes), ‘
4 Annwarn scorud as Yes = 2, not sure = 1, and No w 0, !
S Lupth was roted on a | 10 10 scale whare 10 was as deaply as sver slept, and } was not aven drowsy, X

& Hated within 10 minutes of nap termination, on & scale from =b (very negative) through 0 {neither nega-
tive not ponitive) to +8 (very positive),

7 Rated within 40 and 40 minutes of nap temmination,

and for the replication by DAY 2 of the current study, While in both
studies groups did not differ significantly in either post=nap estimates
of slcop depth or time estimates, * the predicted differences in post-nap
satisfaction and how subjects felt relative to before the nap were signifi-
cant, The column on the far right in Table 6 displays the replicated dif-
ferences,

Appetitive nappaers were more satisfied with their nap in a sleep-

conducive environment both immediately after the nap (6~10 ming. post-nap)

*There was some indication from our earlier work that nappers and non-
nappers differed in their estimates of nap length, when their estimates were
compared to actual sleep lengths from stage 1 or stage 2 sleep onset, These
same comparisons were completed on the present study's data (both DAYS 2

and 3), and the earlier results were not replicated,




(<.01), as woll as 40~60 mins. later (p<.02), compared to non-nappers.
In general, replacement nappers were also more satisfied and felt better
relative to non=nappers (p<.10 and p<.05), though the magnitude of their
ratings was smaller than appetitive nappers. While non~nappers were
neutral-to=positive regarding their post-nap satisfaction (0.8 to 1.3) and
feeling (0.4 to 1.2) in our earlier work, the current study revealed them to
bo clearly negative, that is, they reported feeling worse after the nap rela-
tivo to bofore it (=1.2 to =0,8), and were unsatisfied (=0.4 to ~0.6),

This finding seoms consisiont with the fact that on DAY 2 non=nappoers
had a groater proportion of deop sloop, and a subsequent yroater post-nap
DAY 2 DS acouracy deorament than nappers, while in the earlier study they
did not average more slow-wavo sloep (and no performanco was assessed),
Of course, in the slecp=-conducive onvironments of both studios, non-nappors
had significantly less light sleop (stago 1) than appetitive nappers,

Thus, subjoctive ratings of nap satisfaction (and feelings rolative to
boforo the nap) and nap sleep infrastructure differences botwaen groups
appoar to ooincide, at loast for a sleep=-conducive nap environmont, Appo-
titive nappers had the greatest amount of light sleep and the highost nap
gsatisfaction while non~nappers had the loast amount of light sleep and the
lowest nap satisfaction. Moreover, whaen non=-nappers had a groater proportion
of deep sleep, their nap satisfaction was .ot only low, but averaged a
negative value, indlcating dissatisfaction.

If one assumes some causal link betv ¢« these physiological, behav~

foral, and subjective data, then an argument can be made that the deeper nap
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sleop of the non-nappers likely produces their greater post-nap performance
decrement, and their negative feelings about the nap. Since naps in tho alert-
ing onvironment of DAY 3 radically reduced non=napperi' deep sleep percentage
and post-nap DST accuracy decrement, such an argumeént would prediot it
should also have reduced non-nappers’ negative feelings about that nap, How-
over, to makoe such a proediction, it is necesnary to ignore the fact that non=
nappors indicatoed they were lass tolerant of a noisy environment (lower PBSS
sooros), This latter finding could result in DAY 3 producing negative feelinga
in non~nappors independent of sleep infrastructure differencos.

(2) Qpuimal vorsus non-optimal pnvironmental affogts . 1aving replicat-
od tho basio group difforonces in nap sleep staging and post=nap satlsfaotion,
the effect of an alerting environmant (DAY 3) on post=nap subjeoctive ratings
was assosscd rolativoe to a sleep~cunduocive environment (DAY 2), Wo origi=
nally oxpooted that for subjeots who slapt on both DAYS 2 and 3, post-nap
ratings would bo lowor (Juss satisfiod, more fatigue, eto.) following tho nap
Lh tho somewhat sloep-hostile environment.

'wo=way (groups ve. DAYS) repeated measures ANOVAs woere completoed
on each of the post=nap subjoctive ratings., Dstimatos o) sloop dopth and somo
time ostimatos showod no offoots for groups, days, or intoractions, loweoevor,
most of tho satisfaction, fatigue, and rofreshodnoss ratings, within minutos

w
of nap tormination as woll as nearly an hour later, showed main effoots.
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*Tho fact that all of thoso post-nap rating scalos showod siinilar main
offocts 18 perhaps not too surprising considering that post~nap satisfaction was

highly corrolated with "feeling now" (f=.73, p<.0001) and refreshedness (=, 76,
p<.0001), and theso latter two were corralated with each other (y=.69, p<.0001},

Ratlngs of fatigue wore not correlated with these post-nap ratings, however, but
wore correlated with sleopiness (f=,69, p<.0002), tirodness (pe.€3, p<.0002),
and tho doactivation~sloep factor of the AD-ACL (p=.69, R<.0001).
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Thoso data are displayed in Table 7. Interaction ratios ware not signiti-

rant and thereforo viere not inoluded in the Table.

TABLE 7

Maan subjeeiiva ratings taken § minutes (81) and again 40 0 40 mine
utes (#1) fallowing naps by § appatitive nappars (A), ¥ replatement
nappets (N), and § woniirmad nen=nappers (N) who slepl during 80=mins
ute afiameon nep periods on DAY I (sieep=eundusive envitenment) and
DAY 3 {aierting envirenment),

areups! Dave!
Postenep quastion Qroup LAYE DAY I, 40 L) 40
T 1 1Y) 4.4
Pereent of Lime anlesp? (O T T N T TY U
B 7 N .0 8.0 -
Aol N e
1 Nap satinfaction?
et o N o 0d w0 T
.I-ICIIIIIIlMII.I.IIII‘.III.I'}III-i‘-.?'l-'ll?ll‘ﬂ."ll:ll‘.'l.lll;H;I'I.dhi
#1 Nap oatistasiion? '
v N w0 el
A [ ] 0.l
¢l How do quu feal now? ] 1,0 08 LAt 6,00
(B 10 *b) N <l ofd
ll.'.“ﬂ'.'.‘.lli.ﬂllﬂﬂ.llll".t‘.."l. -‘--.1: MESRENYSYNENuNENRRReN
#1 How du youi leel now? n 1 ) 0.4 R W 1]
) N ‘0.. s} |°
A 40 0 ,
']} Nﬂllnliu“ now’? [} 44 4,6 L 0.1
(l wib) . N i (1Y)
LI PR R R T LIS YT R TR IRl Y ] ‘.-.3'1...-.1..“.. SHEIBERLSNNEBEBUSENEE
1 How fatigund now? A &0 3 L
N " 40
A Bl [} ]
4l How nlr:omno was the nap? A 4. 49 3.4 1?4
{1 w010 N 3 3.4

.I'IIII."'An.Il.l.l.l.....lll.l‘.ll -."'...‘”.h............-.‘----..

#1 How refreshing was the nap? R 4.0 W ant o
N MO 3.2
! £ ratio for main effeut butween groups,

! L ratio for main eflect within yroups (scross DAYS), No intersotion L ratio
was signitivant,

Y| (;my negative) through 0 (neither negative nor positive) to 45 (very posi=
tive).

4 Paigue waa rated trom | (no (atigus) to 10 (axtremely (atiguad), whils re=
freshedness was rated from | (not ugmhod) 1o 10 (sntremely refreshed),

* p<,08 or lower,

Lxamination of Table 7 reveals that, contrary to our predivtion of
main offeots due to days, nsubjects who alept on both DAYS 2 and 3 gener~
ally had 1o consistent differonco in their post=nap ratings on the two days.

The bulk of the significant effects were simply between-subjects (groups)
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offgots, Similar to DAY 2, nappers were more satisfied with their DAY 3

' nap, and folt better following it, compared to non-nappers. Though groups
were not significantly different in ratings of fatigue or refreshedness imme-
diatoly aftor the naps, nappers were significantly less fatigued and more
réfreshed than non~nappers 40-<00 minutes after the naps. It ls soncelvable

' that the initial ratings on these soales reflect the "nap {nertia" we suggest

it e eihmibm ot e

?‘ug‘ I8 assoolated with the Iimmediate post=nap performance decroments, ‘The
later ratings, at loant for nappers, indicato a recovery from fatigue colneident

with later performance inorements,

Jr TR P—

[t is noteworthy that whan betwaon=subjoots | ratlos were signifi~

L,

,. dant, the napper group showing the hgher ratings on any given question i
;,.' If variad botween DAYS 2 and 3, While appetitivo nappers typically averaged

i the most positive post-nap ratings on DAY 2, replacement nappers hold this

.y distinotion on DAY 3, at loast for nap satisfaction, lurthermore, thae two

v variablus showing a main offeot for days <~ peroant of time asleap ostimaton

anhd rofroshodnoss an hour after the nap == were significant primarily betaus.

’ appotitivo nappors ditfored significantly batwoen nap DAYS 2 and 3 on thowso
quostions, Thoy judyged thomsolves to have been asleop a smaller proportion
of tho timou on DAY 3 rolative to DAY 2 (g« .08), though in fact they had not,
and ratod thomsolvos as less refreshed an hour after tho DAY 3 nap compared
to DAY 2 (p<.02), Novertheloss, thoy continusd to report positive feelings
ahout the DAY 3 nap ovorall, and their post-nap ratings of fatigue were con-

nistently tho lowest ol all groups on oithor day.,

(3) [mmediate voraus delaved post-nap subiective offogts. While
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analy 808 at each subjective rating time point after naps indicated that ;
i
the change in nap environment had little effect on feelings about tho nap,
there wero some Indioations that if groups were assossed across both post-
: nap time points (6=10 mins, and 40<60 mins.) within each nap day, diffor- 1
f oncos betweon nap DAYS 2 and 3 might emerge. Such analysow also permit ;
| an evaluation of the time-course of subjective effects following naps. i
| !
! Table 8 prosents thae post=nap subjective rating data displayed for !
\u,‘,
‘ TANLL § i
Moan subjective ratings talen on nap DAYS 2 and 3, §«10 minutes post=nep
and again 40«60 minutes post=nap by 9 appetitive nappers {(A), 9 replace~ i
mont nappers (N), and § eonflrmed non=nappers (N) whe slept on both !
BAYS § and 3,
' Mink, postsnap  Groups!  Time? ;
Posi»nap question aroup =10 W0y :"“ r_h“
K A B4 00 ’i
3 DAY B Nap satistagtion, N ok Lo i 183 }
. N =04 0.8
[ I T ITIT Y] lI-nh-l.lhIIln-IIAId.lla:;iII--u:allhllllh-hl-n.-..ﬂ.l-l- !
DAY 3 Nap aatistagtion, ] N W] sar INTA 1
N "0.‘ "h
AL (o
DAY ¢ How do you (ee} now? R 1,0 ] .00 7,00
N sl 0.8 !
lllunnl'l.nlih.lllll.II--.-nl-lla:lltiuinniI:lolln--l.lnnlﬁil.O"-..-l.
DAY 3 How do you (esl now? ?.2 ?.8 3.0 §,90¢

DAY § How latiyusd now? 4.0 1.0 1.9¢ TR TR

DAY § How htlouud now? 4.4 4,0 1,63 .o“.'

A
s N
. N 5.4 Lﬂ
4 Y "
; DAY 2 How rafreshing was R 4,7 5 0.8 o
. the nap? N 11 3.0
T A3 8o
! DAY 3 How relreshing was R 4.9 4V 0,0 1,10
! the nap? N 4 a3

L' ratio for main effact butwaen groups,

1 L retio (or main elfeut within groupa, across post~nap times,
* 1<.08 or ,03Y
** a<,0lor lower
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comparisons within subjects across post-nap time points. Two-way
repoatod measur¢s ANOVAs were carried out within each nap day, and [
ratios for main effects are presented. No interaction effects were signifi-
cant.

While nap satisfaction, as noted earlier, was lower overall among
non~nappors on both DAYS 2 and 3, and though satistaction did not change
from 6=10 mins, to 40-60 mins, post-nap on DAY 2, it dropped significantly
across thoso time points on DAY J due to replacemaent nappers becoming
lous satisflod lator (p<,08), and non=nappers becoming even more dissatis-
flod later (p< .05).* Appetitive nappars wero somewhat neutral in satis~
faction on DAY 3 at both timo points,

Similar comparisons for "How do you {ael now compared to before
the nap? " showed that all groups, aspecially nappers, {elt bettor 40~60 min-
utos aftor both naps compared to immediatoly after. As with satisfaction,
non=nappors {oly worso after nap DAY 2 than nappers, ospecially 40-60
minutos post=nap, lHowover, on DAY 3 thoro was no main offeot for groups,
indloating that though non~nappors waro very nogativo at both time points,
notthor napper yroup was signifiocantly more positive than tho non-nappers,
dospite tho slight riro in foolings across all groups,

Ratings of {atiguo showod a moro consistent pattern within ocach day.
Whilo thoro were no betweon-group differoncos within DAYS 2 or 3, all
groups, ospocially nappors, folt loss fatiguod 40-60 minutes after the naps

comparad to 6-10 minutos after tho naps (F) 0=21.68, p<,001;F) 20=8.46,

------------------------ L e T Y P L L Y L L LR R L N X

*Pnst hoo Newman=-Keuls tost,
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R<.0l). These changes across time resulted in appetitive nappers being
significantly leas fatigued than non=nappers at 40-60 mins. post-nap on
both nap days (see Table 7, post hoo tests; p<.001 and p<.0l), and
replacement nappers being leas fatigued than non-nappers on DAY 2 (p<.ul).

Finally, ratings of refreshedness within each nap day reveal
profound differonces botween DAYS 2 and 3, On DAY 2, appetitive nappers
were more refreshed at both time puints than replacement nappers (p<.01
and p<.Nl), and non-nappers (p<.0l and p<.01), while replacement nap-
pors were moro refreshed at both times than non-nappers (p<,0l and
£<.05). In addition, both appetitive and replacement nappers had a sig-
niiicant inoreaso in feolings of refroshedness from immediately after the
DAY 2 nap to 40~60 minutes later (g<.05 in both casos), None of these
offoots were present on DAY 3, though nappers were slightly more refreshed
than non=nappers at both time points.

Thus, tho alerting environmont of DAY 3 adversoly affected post-nap
subjoctivo ratings somowhat more than the data in Table 7 indicated, There
was somo doclino in satisfaction following the DAY 3 nap, relative to DAY 2,

as woll as less refreshodness, and somewhat less positive feelings in

nappors in general. Dospite these offects, however, nappers were generally

positive about the DAY 3 nap, while non-nappers were unequivocally
nogative,

Tho similarity in negative feelings non~nappers expressed following
naps in both a sleep-conducive and alerting environment contrasts with

the dissimilar slesp infrastructure patterns they showed during these two
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naps. Although the non-optimal environment of DAY 3 radically reduced
non-nappers' deep sleep, while reciprocally increasing their light sleep,
and though their DST immediate post-nap accuracy decrement was less
severe on DAY 3, non-nappers’' post-nap subjective ratings were unaffected.
Were non-nappers' negative feelings strictly the result of increased deep
sleep during their naps, then their DAY 3 subjective ratings should have
been less negative. While it is possible the background sound~ of DAY 3
augmented their negative feelings about the nap, it seems reasonable to
conclude from both the earlier work and our current study that confirmed
non-nappers find napping unpleasant regardless of nap cleep infrastructure
and napping environment.

An alternative possibility deserves consideration, however. Thus,
our confirmed non-napper population was selected because they consistently
reported negative consequences following naps. It would not be surprising
that a group of subjects who are expecting negative effects from napping
would ascribe such effects to a nap even if that particular nap did not hLave
a physiological impact which would normally evoke negative consequences,
Thus, the expectations of the confirmed non-nappers, their tendency to
attribute negative consequences to napé, and their need to be consistent
in ratings might all have combined to prevent them from rating the DAY 3
nap in a more positive manner.

b, Subjective effects of naps versus wake control periods. While
the post-nap subjective ratings provide information on subjects' evalua~

tion of the naps, they are unique to nap days, and consequently permit no

|
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comparison to wake control periods. When assessing the subjective
effects of naps, it is relevant to also determine the extent to which feel-
ings change around control periods of resting wakefulness, to insure that
effects observed after naps are related to subjects having slept. Moreover,
in the same way that temperature provided information on subjects’ state
upon coming to the laboratory to nap or not nap, sleepiness and subjective
activation ratings surrounding control and nap periods should indicate

the degree to which individuals are prepared to nap, as well as the conse-
quences of naps and wake control periods on these parameters. Thus, we
assessed dimensions of tiredness (alertness), sleepiness, and aspects of
subjective activation throughout all experimental days, and compared ratings
before and after naps on DAYS 2 and 3 to those taken around wake control
periods on DAYS 1 and 4.

(1) Tiredness. A 10~-point self-rating scale with "Fresh as a daisy"
equal to 1 and "Tired to death" equal to 10 was completed by subjar*s upon
arriving at the laboratory and again before leaving the laboratory. The
scale is an adaptation of a 7-point "alertness" scale with the same anchor
point descriptors, originally reported by Aschoff, Giedke, Poppel, and
Wever (1972). They indicated their version showed circadian variations
in "the rhythm of alertness" (p. 137). We sought to determine if the scale
would document the subjective benefits of naps for nappers.

Figure 9 graphically presents groups' mean ratings on this scale
for control and nap days. Within each laboratory day the time from pre-~

to post~session varied between an average of 2-3 hours for control days,
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Figure 9, Mean self-ratings of tiredness on a 1 {frosh as a daisy) to 10 (tired to daath) alertnoas scale '
adapted from Aschoft, Giedke, Poppel, and Waver (1972), Values for all daya aro from ‘l

. 9 appatitive nappers, 9 replacement nappars, and 5 confirmed non-nappers who slept on
4 both aftemuon nap DAYS 2 and 3, Contiol DAYS' 1 and 4 pre~session values are 30-4% min-
o utes bafore 50-minute wake control psriods, whils post-session ratings are 3043 minutes !
. after control periods. Nap DAYS' 2 and 3 pre-seasion values are 60-90 minutes prior to
o 60-minute nap periods, while post-gession ratings are 30«45 minutes efter nap periods.

and 3-4 hours for nap days. The graphs include the § non-nappers, 9

replacement nappers, and 9 appetitive nappers who slept on both DAYS 2

and 3. Changes on rap days were compared to changes across control

days within each group, using treatment~by-treatment~by-~subjects
ANOVAs., Groups were compared within each day using aroups=-by=time
(with repeated measures on times) ANOVAs .,

The results of these analyses more than confirm the conclusions
possible by visual inspection of Figure 9. On nap days, appetitive nap-

pers had an overall main effect for time from pre- to post-session

(L'1,24=33.34, p<.0001), as did replacement nappers (F1,24=9.68, p<,005),
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but neither group had significant effects actoss wake control days {(all
I vatios less than 1). Nappers, iherefore, showed marked decreases in

tiredness (incroases in alertness) following both nap DAYS 2 and 3, rela-

tive to before naps and wake control periods.

Non-nappers, on tie other hand, had no significant changes in

tiredness within either nap or conirol days. The only I ratio greater than

1 for +his qroup was for @ main effest between nap days (F; ‘ 12=3.08,
p<.20), such that they were somewhat more tired on DAY 3 than on DAY
2 .* This was lkely indicative of the fact that non~nappers averaged sig-
nificantly less TST the night before DAY 3 compared to the night before
DAY 2 (p<.05,. They apparently came to the laboratory on DAY 3 more

tired, and thus more of them slept on DAY 3.

The only significant between-groups difference in these analyses
was for appetitive nappers versus repiacement nappers on nap DAY 3

(£1,16=10.47, p<.01), such that appetitive nappers were less tired over-

all on DAY 3 relative to replacement nappers. Similarly, when non-nappers

were included, the between-groups DAY 3 Fp ,, ratio was 5.87 (p<.01),

with appetitive nappers less tired overall than replacement and non-nappers.

Despite the appearance of appetitive nappers also being less tired than

replacement nappers on control DAY 4, the effect was not significant

(Lll lb=1¢87).

Though both napper groups had decreases in tiredness across nap
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*This was truc for the 7 non-nappers who slept on DAY 3, and ali

9 non-nappers as weall, including the 4 who were unable o sleep on
DAY 2.
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days, Figure 9 suggests that the DAY 2 decreases were of a greater mag-

nitude than the DAY 3 decreases. Indeed, analyses of combined napper

groups' pre~nap versus post-nap ratings on nap days yielcied an {nteraction
" that approached significance (E},5,=3.78, 2.<.1C). Similar to results for

post-nep ratings of satisfaction and refreshedness, the alerting environ-

ment of DAY 3 somewhat attenuated alertness increments relative to the

L optimal environment of DAY 2. Nevertheless, nappers generally perceived

' themselves to be less tired after naps, while non-nappers indicated no

| !
- 1
= |
' change in alertness. 1
(2) Sleepiness. Just as tiredness ratings on nap days were com- ‘
i
pared to control days, sleepiness (10-pt. scale) ratings before and after }
' 1
naps were compared within subjects to ratings before and after wake control i‘
, periods. However, unlike tiredness ratings, sleepiness was assessed re- i‘
'*‘ peatedly before and after naps, to track changes relatad to the effects of 3
g
.y naps.
iy
»F‘* Figure 10 displays the mean sleepiness ratings for groups on wake
?3 control and nap days. The solid-line graphs for DAYS 1 and 2 are the
3
k; averages for subjects in each group who slept on DAY 2, that is, 5 non-
Fé nappers, 10 replacement nappers, and 10 appetitive nappers. The broken-
g line graphs for DAYS 3 and 4 are the averages for subjects who slept on
[4 DAY 3, that is, 7 non~nappers, 9 replacement nappers, and ¢ appetitive
,ﬁ nappers. Changes across nap DAY 2 were compared to changes across cori-
<
: trol DAY | within each group, while changes across nap DAY 3 were com-~
!

pared to control DAY 4.
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Figure 10. Maan sleepinesa ratings on a | (wide awake, no desire to sleep)
to 10 (the naed for slesp is overwhelming) seli-rating scalo for
various time points before and after 60-minutc afternoon nap and
wake control periods, Data (or control DAY i and nap DAY 2
(solid lines) are from 10 appetitive nappers, 10 replacement nap-
pers, and S non-nappors who slept on DAY 2. Data for control
DAY 4 and nap DAY 3 (broken lines) are frem 9 appetitive nappers,
9 replacement nappers, and 7 non-nappats who slept on DAY 3,

The most obvious aspects of self-rated sleepiness depicted in
Figure 10 is that all groups displayed the same characteristic pattern
across nap days, such that the main effect for trials (time) was s;gmﬁ-
cant within nap DAY 2 (I‘-_.s’ 100=25.81, p<.0001) and nap DAY 3
(Fg ,100=11.85, p<.001). Sleepiness did not change during the roughly

30-minute period between subjects’ arrival at the laboratory on nap days,
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and the beginning of electrode appiication. However, by the end of the
50-minute period for electrode application, as the nap start time became
imminent, sleepiness increased significantly in all groups, especially
nappers (5 of 6 paired-ts significant at p<.05, two~tailed).* Immediately
after the 60~minute nap pericds, sleepi'nesa was similar to immediately
before the naps, but by 30 minutes post-nap, all groups were significantly
less sleepy relative to innmediately after the naps (all paired-ts signifi-
cant at p<.05, two-tailed), and remained so 75-100 minutes after the
naps.

Comparisons between post-nap sleepiness and pre-nap, as well as
control day ratings, revealed that for nap DAY 2, replacement and appeti=-
tive nappers who slept had significantly less sleepiness at both time
points after the DAY 2 nap relative to before and wake control ratings (all
paired-t values for both groups significant at p<.,05, two-talled). Of the
two napper groups, appetitive nappers had the greater differences. The

same comparisons for non-nappers who slept on DAY 2 revealed only one

significant difference out of 8 tests, and that was between the last sleepl-
ness rating on DAY 2 and the first rating on DAY 1 (p<.05).
Equivalent comparisons within groups for nap DAY 3 revealed that

again, only 1 of 8 comparisons between post-nap sleepiness and both
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* Non-nappers who did not sleep on DAY 2 (n=4) did not show this
preparatory decrease in sleepiness (t=0.21, p>.20), and the 5 non-nappers
who slept on DAY 2 had only a slight decline in sleepiness (t=1.36, p<.20).
However, the 7 non~nappers who slept on DAY 3 clearly showed the effect
(t=3.58, p<.02), as did both napper groups on both nap days (all t values
greater than 2.00 and significant at p<.10, two-tailed, or lower).
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pre-nap and control day sleepiness was significant (p<.C5) for non-nap-
pers who slept. However, contrary to DAY 2, similar results were found
for napper groups, While both replacement and appetitive nappers tended
to average less sleepiness after the DAY 3 nap relative to before it and
wake control DAY 4, fewer of the differences were significant within each
group. Only 5 of 8 paired-comparison t-values for replacement nappers,
and 3 of 8 for appetitive nappors were significant at p<.10, two-talled.

The decreases in sleepiness seen follewing the DAY 2 nap for
nappers were not nearly so evident following the DAY 3 nap. This is fur~
ther ovidence that the alerting environment of DAY 3 served to reduce the
positivo subjective effects of the nap relatlve to an optimal nap environment,
Similar to post-nap satisfaction, refreshedness, and tiredness, sleepiness
showed an effect attributable to the changed nap surroundinga. As with
nappers’' other subjective parameters, the degree of the deorease in post-
nap subjective effect was not enough to tuta.ly negate some subjective
benefits from the DAY 3 nap.

Similar to other subjective ratings, espeocially tiredness, non-nap-
vers who slept on nap days showed no marked decreaso in sleepinessa after
naps. However, like nappers, they tended to show the characteristic in=
crease In sleepiness ratings between electrode application and nap onset.
The ubiquitousness of this effect is likely to be the result of the imminent
demand to nap, and may reflect subject's preparation for napping. In this
regard, it is noteworthy that the 4 non-nappers who did not sleep on DAY 2
did not show this increase in sleepiness immediately before the nap period

(t=0.21, p -.20).
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The final aspect of the sleepiness data that requires discussion
concerns the only betwaeen=groups effect on this parametor. Appetitive
nappors weore slgnificantly less sloepy than replacement nappors and non-
nappers on DAY 3 (I'x 120"6.68, p<.0l). In fact, as Figure 10 reveals,
appeotitive nappers w:re significantly less sloepy before their DAY 3 nap
rolative to before thuic DAY 2 nap (Ey qg=l1.11, 2<.005). This confirms
a similar finding for thelr ratings of tiradnoss (see Figure 9) on DAY 3 rela~
tivo to DAY 2, and is consistent with the fact that these two rating scales
aro highly correlated (f«.72, p<.0001l). It appears that appatitive nappers
o.amo to tho laboratory on DAY 3 loss tired and less sloopy than on DAY 2,
though thore was no difforence in their nooturnal sloop lengths the night
boeforo laboratory nap days.

(3) Subirgtive Aull mug_n.* The doactivation~-sleop facior of the
AD=ACL (Thaywt, 1967) includes the following adjectives: sleepy, tired,
drowsy, wide-awakoe, and Wukeful‘** This factor also confirmed that
appotitive nappers wore significantly loss sleopy than replacoment nap-
pers and non-nappers on DAY 3 (Lz 16™7.70, p<.005), but not on DAY 2.
Moroover, deactivation-sleep showed the same post-nap declines on DAY

2 found for sloepiness. That 18, both replacement nappers and appotitive
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*What we refer to here as subjective activation 18 sometimes labeled

assessmont of mood (Taub et al,, 1976).

**The deactivation-sleep factor was positively correlated with ratings

of {atigue (f=.69, p<.0001), sleepiness (p=.55, p<.,0001), and tiredness

(r=.63, p<.0002); negatively correlated with ratings of post-nap "feeling now"
(r=~.44, p<.02), post-nap refreshedness (=-,38, p<.05), and the AD-ACL

general activation factor (f=-.56, p<.0002).
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nappers had significantly less deactivation~sleepiness following the
DAY 2 nap relative to pre-nap levels (paired-t values were all signifi-
ocant at p<.0l or lower), Non-nappers’' post-nap values on this factor
were not signitioantly different from their pre=nap levels.

On DAY 3, neither non=nappers nor replacement nappers had sig-
nifioantly different deactivation=slespiness scores relative to either pre-
nap or control periods, a finding similar to ratings of sleepiness, Ilow=
aver, appetitive nappors averaged lower scoraes than their DAY 3 pre=nap
value (t«2.,40, p<.056), and their DAY 4 post-control period value ({»2,43,
2<.05). Thero iy some indivation, therefore, that appetitive nappers
had loss doaotivation-sleepiness aftor the DAY 3 nap, though basically
the rosults on this AD-ACL faotor confirm the sleepiness findings roported
abovo. 'Tha DAY 2 results ara in good agreement with Taub ot al.'s (1976)
ruport of decreased sleoepiness in nappers following naps in an optimal
onvironmont, relative to wake control periods, though Bertelson (1979)
was unablo to confirm this,

Bertelson (1979) could also not replicate Taub o. al.'s (1976) find-
ing of inoroased gonoral agtivation scores in nappers following naps in an
optimal environment rolative to a control period. (General activation
includes the following udjectives: active, energetic, vigorous, lively,

w
full-of=pep., ) While we did not find the DAY 2 post-nap genoral activation

o oy e e W S N S M e B e et G TN M D SO GU D W N G e ) G I M N D U N0 A Sw Ml A g S NS G O S N S G D e A M B A TS SR e A

*The goneral activation factor was negatively correlated with rating
of sleopiness (p=~-.39, p<.05), tiredness (f=-.48, p<.0l), and the deactiva~
tlon-sleep factor (jm~.56, p<.001); and uncorrelated to all other subjective
ratings and AD~ACL factors,
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factor scoros of nappers significantly higher than their wake control peri~-
ods, as Taub et al, (1976) reported , we did find that replacement nappers’
and appetitive nappers’' post-.ap scores were significantly above their
pra~nap values (Rep.: 43,02, p<.02; 4w2,26, p<.05; App.: =2 ,28,
D<.05; 42,98, p<.,02), Similar to slespiness, non-nappers showed no
significant inoreases in general activation following their DAY 2 naps.

On DAY 3, no group had post-nap general activation values that were sig-
nificantly abovo oither their pre-nap levels or wake contro) pariods,

While Bertelson (1979) could not replicate Taub et al.'s (1975)
finding of decreased deactivation-sieapiness and {noreased goneral activa=-
tion {ollowing naps by habitual nappers, she did show significant offoots
on tho other two factors of the AD=-ACL, namoly, high activation and general
deucnvutmn.* High activation includes the adjectives of jittory, intense,
foarful, clutshed~up, and tense, Uertelson found this factor reduced fol-
lowing naps by nappers and bedrost by non-nappers, whilo gonoral doactiva~
tion (placid, calm, at rest, still, quiot) was increased following naps by
nappors and bedrest by non-nappers .“ Taub ot al. (1976) reported no
offocts on theso {actors, Our data provide some support for both positions.,

Woao did not find significantly less high activation following naps by

any group, relative to pre~nap levels as Bertelson (1979) reported. However,
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*In our study these two AD-ACL factors were uncorrelatod with all
other subjective measures, and only slightly (negatively) correlated to each
other ({=~.34, p<.086).

*#*[t {8 noteworthy that Bertelson (1979) also found significant eff»cts
within and botween groups in mood as assessed by the Multiple Affect Adjoc-
tive Checklist (Zuckernian & Lubln, 1965).
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appotitive nappers averaged significantly less high activation after both
nap DAYS 2 and 3, relative to their wake control periods (DAY 2: {8 ranged
from 2.31 to 3,12, p<.05 or lower; and DAY 3: ts ranged from 2,07 to
3.27, p<.,10 or lower, two-tailed), Though replacement nappers and non-
nappors ware in the same direction, their results were not significant, The
] 4 non~nappert who did not sleep on DAY 2 also did not show the effects.
Unliko all other AD~-ACL factors, gonaral deagtivation did not

F chanqo signifioantly across nap periods for any group relative to either
pro=nap or control day levels. Nonotholoss, thero was ono signiticant
main offoct of groups on this factor, 35 minutes after naps (F5 50=3.56,

- R<.08), lollowing naps, non-nappers werc loss calm, as assossod by

|
| |
- this {actor than nappors, Post hoo Newman-Keuls comparisons between 1‘
!

¢ ’ means revoaled that noither napper group was significantly above non-nap-

pors' values on DAY 2, but following the DAY 3 nap, both appetitive (p<.05)
and roplasomont nappors (p<,05) wore higher in general doactivation com-
parod to confirmod non-nappers,

When AD-ACL factor scores at various points on nap days woroe
compared to equivalent points on wake contro! days, a consistent pattern
omorged at one particular time point that coincldes with an aspect of
sloepinoss ratings presonted above. The AD-ACL factor scores immediatoly
prior to tho nap periods were significantly dif.srent from the factor scores

Immodiately prior to wake control periods. l.amediately prior to nap DAYS

2 and 3, compared to control DAYS 1 and 4, subjects averaged less general

activation (13 ,60"5.96, p<.005), less high activation (I3 g0=7.29, p<.001),

3
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and more general doactivation (23,60"3 .10, p<.05). The offects appeared
equally distributed among groups. Just as sleepiness ratings inoreased
immediately prior to naps (sje Figure 10), so activation declined and
calmness increased,

We speculated above that these changos may roflect a preparatory
rosponsc for napping. Since the changes were not observed either on
oontrol days or in the 4 non-nappers who did not nap on DAY 2, wo con~
tinue to viow the proparatory response as the most parsimonious explana-
tion for the phenomenon, What makoes this view aven more compelling is
that nappors had significantly lower body tomperatures prior to nap days
compared to wake control days (see Figure 5). Thus, both physiologlical
as woll as subjective indices of activation indicate that nappors have
lowored activation prior to napping. While it may be possible to suggost
this is tho result of partial sleep deprivation among our replacement nap-
pers, this oxplanation cannot account for the effect among appetitive nap-
pars who obtained as much nocturnal sleep before laboratory nap days as
before wake control days,

In summary, the subjective data present a remarkably consistent

plecture that 18 indicative of the high intercorrelations among various subsets

of subjective mcasures. Nappers dorive subjective benefits from napping
in tho form of increased refreshedness, feeling better, less fatigue, less
tircdness, less sleepiness, and increased activation, relative to before
naps, and periods of quiet resting activity., Confirmed non-nappers, on

the other hand, appear to derive no clear subjective benefits from napping,
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though no unequivocally negative contequences for them were evident
oither. Appetitive nappers appear to derive the most subjective benefits,
at least for naps in an optimal environment, While a non-optimal environ-
ment slightly reduced the positive feelings and increases in activation
following naps by nappers, on the whole nappers continued to report
subjective benefits from naps, even in the alerting environment. Whereas
moro confirmed non-nappers were able to sleep in the alerting (than in the
optimal) environment, they rated the consequences of that nap as negative
a8 those of the nap taken in the sleep-conducive environment, All sub-
jocts, particularly nappers, showed an increase in sleepiness and a
decroase in activation ratings immediately before naps indicative of a

preparatory response to napping.
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D, Results from Data Collected outside the Laboratory.

Sihce we sought to investigate the functions served by napring
in young adults selected for their diverse napping patterns, it seemed
reasonable to confirm the actual napping patterns of our subjects, outside
the laboratory, in the broader contexts of daily activity, nocturnal sleep,
circadian fluctuations in activation, and sleep need. Moreover, we felt
such data could potentially be of value in understanding some of the dif-
ferences observed in the laboratory. The major impediment to gathering
such data, however, was gaining the full cooperation of subjects in
keeping detailed daily sleep diaries, and circadian logs. While this
required a great deal of effort, the 99% data return, the detailed nature
of the data, and especially the findings from the data more than compen-
sated the effort.

The following sections contain the results on the relationships
between napping, circadlan cycles, and sleep need in appetitive nappers,
replacement nappers, and confirmed non~nappers. The data provide in-
sights into the functional significance of napping for these subjects,
and permit a greater understanding of aspects of the data collected in

the laboratory.

1. Circadian Variation on Nap and Non-nap Days.

During the l4~day period between nap DAY 3 and control DAY 4,
subjects were asked to record their oral temperature and complete the
AD-AC1L (Thayer, 1967), five times a day: upon arising in the morning,

noon, 3:30 p.m., 7:30 p.m., and just before retiring at night. Subjects
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adhered to these recording times fairly well, and there were no differ-
ences between groups in mean time of any recording. For all subjects,

the average recording times were: 9:40 a.m., 12:40 p.m., 4:10 p.m.,
8:10 p.m., and 1:25 a.m.

Single values on each variable were generated for individual sub-

jects by averaging all values at a given recording time, vielding one

value for each of the five recording times for each subject. Group values
at each time point were calculated by taking the median score of all sub-
jects on a parameter. These data were then analyzed non-parametrically,*
using Wilcoxon matched~pairs signed-ranks and Mann-Whitney U-tests,

to avoid making assumptions about déta distributions, since data were
collapsed both within and between subjects.

Since the sleep diary was also completed during this 14-day

period, it was possible to separate the circadian data of nappers into

nap day functions and non~-nap day functions, to investigate differences
in activation on days subjects napped relative to days they did not nap.
Figure 11 displays the resulting circadian functions for temperature and
the four subjective activation factors, for nap days and non~nap days of
appetitive and replacement nappers. Since non-nappers did not nap during
the 14-day period,** their data reflect only non-nap days.
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*The minimum significance level was p<.05. All comparisons
reported are for two-tailed levels of significance.

**Though three of the non-nappers reported napping more than once
during this period, the proportion of non-napper naps was too small tc aliow
reliable nap day circadian functions to be generated. Nevertheless, the
non-napper data presented in this section includes only their non-nap days.
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from the AD-ACL (Thayer, 1987) on nap days (= and non-nap days (~-~-=)
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a. Oral temperature. Temperature curves are presented as the
bcitom graphis on Figure 11, Overall, the curves reflect a circadian
varlation, regardless of gqroup or day. The greatest changes occur irom
upon arising to noon, and from 8:00 p.m. to just before bedtime (p<.0001
in all ases). In addition, similar to detalled recordings of diurial vari~
ation in temperature (Colquhoun, 1971), the peak temperature in each
of these curves is between 7:30 p.m., and 8:30 p.m,

The most 'notable aspeéct of the functions appears to he appetitive
nappers' characteristically large temperature increase from 4;00 p.m.
(1600) to 8:00 p.m, (2000), on both nap and non~nap days, relative to
replacemetit nappers and non-nappers. Since the functions for nap and
non-nap days were not significantly different within respective napper
groups, analyses of daytimeé temperature changes were conducted on
tho data for all days combined. Wilcoxon matched-pairs signed-ranks
tosts botween the three midday recordings within each group revealed
that no group had a significant rise in temperature from 12:30 p.m. (1230)
to 4:00 p.m, (1600). However, appetitive nappers had a significant
tncrease from 4:00 p.m. to 8:00 p.m. (n'=1ll, T=3, p<.0l), while re-
placement nappers (n'=11, T=37) and non-nappers (n'=9, T=10) did not.
Dospite this, appetitive nappers' median temperature at 8:00 p.m. was
not significantly above the other groups. Whern comparisons were made
betwoen 12:30 p.m. and 8:00 p.m., both appetitive nappers (I=8, p<.05),
and non-nappers (I=2, p<.01) had significantly higher temperatures at

the 4:00 p.m. recording, though replacement nappers (T=14.5) did not.
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Replacement nappers' temperature curve was, therefore, somewhat
flattened relative to appetitive nappers' curve, and showed no significant
increase from noon to early evening. This is not inconsistent with tem-
perature data collected in the laboratory, where replacement nappers
tended to have the lowest temperatures during the afternoon, while
appetitive nappers' temperatures were less likely to drop across naps,
and were not as low overall, especially on DAY 3.

The one prediction we had made regarding circadian temperature
was that non-nappers were expected to have significantly higher tem-
peratures, at least during the afternoon, than either of the napper groups'
nap days, especially replacement nappers. This was based on non-
nappers' higher laboratory temperatures during both our earlier and cur-
rent studies (see Figure 4). This prediction was not confirmed. Exami-
nation of I'igure 11 reveals no difference between groups.

It would appear that it i8 incorrect to conceptualize confirmed
non-nappers as "poor" daytime sleepers, analogous to Monroe's (1967)
poor nighttime sleepers, whom he found to have not only higher body tem-

peratures throughout the night but higher autonomic arousal in general.
The lack of differences between groups suggests non-nappers are not
"daytime insomniacs." Of course, more frequent temperature measure-
ments during the day might have revealed subtle differcnces. Overall,
however, as we measured it, there seems to be no fundamental differ-
conce in absolute levels, amplitude, or phase of the temperature rhythm
between nappers and non-nappers, with the exception of appetitive nap-

pers' midday function.
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b. Subjective activation (AD-ACL).
(1) General gctivation and deactivation-slaep. These factors

relate to the degree to which individuals report feeling energetic and
slecpy, respectively, and, consequently, are generally negatively cor-
related (Clements et al., 1976, have indicated that they are opposite
ends of a continuum rather than orthogonally related). Indeed, the
laboratory data presented above showed these two factors to be inversely
related. Circadian curves for the factors are presented in the middle of
Figure 11.

As with oral temperature, the most noticeable difference in these
factors involved appetitive nappers. Specifically, they were signifi~
cantly less generally activated at 4:00 p.m. on nap days relative to
non-nap days (I=1, p<.01), and they reported significantly more sleepi-
ness on nap days, upon arising (T=3, p<.01), at noon (=4, p<.0l),

and at 4:00 p.m. (I=2, p<.01). In contrast, replacement nappers had

no significant differences in these factors between nap and non-nap days.

Moreover, Mann-Whitney U-tests between groups revealed that
on ngp days appetitive nappers were less generally activated at 4:00
p.m. than replacement nappers' nap days (U=30, p<.05) and non-nap
days (U=20, p<.02), and non-nappers' non-nap days (U=6, p<.002).
Appetitive nappers were also less activated on nap days at 8:00 p.m.,
relative to replacement nappers' nap days (U=18.5, p<.02) and non-nap
days (U=27, p<.05).

A similar pattern of between-group differences at midday was
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seen for deactivation-sleep, though in this case the curve that was
clearly different was appetitive nappers' non-nap day values. Not only
were their non-nap day values prior to 8:00 p.m. significantly below
their nap day values, but they were also below replacement nappers'
nap days at noon (U=30, p<.05), and 4:00 p.m, (U=7, p<.002); re~-
placement nappers' non-nap days at noon (I_J=14‘, p<.002), 4:00 p.m. f
(U=9.5, p<.002), and 8:00 p.m. (U=13, p<.002); and non-nappers'
non-nap days at noon (U=18, p<.02).

Thus, appetitive nappers were less sleepy at noon on their non-

nap days, relative to all other noon values, and were less sleepy at

.

4:00 p.m. than replacement nappers. Conversely, appetitive nappers
were less activated on ngp days, at 4:00 p.m., relative to all other
4:00 p.m. medians, and were less activated at 8:00 p.m. than both re~
placement nappers' values.

This is an unexpected finding. Appetitive nappers were selected
based upon their reporting they nap "even whe¢n they don't feel tired, *
Yet these data indicate that they are significantly less generally activated
at 4:00 p.m., which is when the bulk of their naps are taken (77% between
2:00 p.m. and 8:00 p.m.). On the other hand, they are rot necessarily
more sleepy on nap days compared to replacement nappess and non-nap-
pers. Rather, it is on non-nap days that the appetitive nappers appear
to be extremely un-sleepy, at least from noon to 4:00 p.m. While the
lowered general activation on nap days may reflect their preparation for

napping -- if not their reason for napping -- the lowered sleepiness on
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non-nap days may reflect their inability or lack of desire to nap on those
days.

In terms of sleepiness, we doubt that the low ratings character-
istic of noon and 4:00 p.m. on appetitive nappers' non-nap days are
indicative of an inability to nap. There are two reasons for this. First,
on nap DAY 3, appetitive nappers had significantly less self-rated
tiredness (see Figure 9), less sleepiness (see Figure 10), and less AD-
ACL deactivation-sleepiness. Nevertheless, 9 of 11 napped on DAY 3.
The circadian deactivation~sleep values at noon, 4:00 p.m., and 8:00
p.m. for appetitives' non-nap days are virtually identical to their after-
noon deactivation-sleep values on laboratory DAY 3, while their nap day
values are identical to their laboratory DAY 2 values. Thus, they may
be profoundly less sleepy on certain days, and therefore choose not to
nap, but if asked to nap, even in an alerting environment, they can do
so, and derive benefits from it.

This account of the laboratory and circadian sleepiness data of
appetitive nappers also dovetails with an SSSP question that consistently
separates appetitive nappers from replacement nappers and non~nappers.
When asked, "Could you nap almost anytime during daytime hours ? "
appetitive nappers respond very affirmatively, while replacement nappers
respond with uncertainty. This was irue for subjects in our study both
six rionths before the laboratory sessions (A vs. R, p<.01), and again
at the last laboratory session (p<.025), and is consistent with prior

work (see Evans, 1976). Similarly, appetitive nappers responded

1
AR o A St T g.....:r_‘»-—_} T

o TN T

ek ST < Ml s

BPTPEVRRRE = T SN - S SR e




-
s

144,

consistently more positively to questions concerning whether they could
{fall asleep on a train, plane, car, etc. (p<.001), as well as whether
or not they would prefer a few short naps per 24-hour period to one con~
tinuous nocturnal sleep period (p<.05). Clearly, they prefer to nap
and can nap in a wide variety of cirocumstances, and thus thelr profound
lack of ‘sloepiness on certain days appears to be associated with a lack
of desire to nap, rather than an inability to nap.

Though the appetitive nappers' circadian fluctuations in activa-
tion and sleepiness were to some extent unexpected, another aspect of
these data that was significant had been predicted. We had hypothe~
sized that nappers should experience a drop in general activation and
a reciprocal rise in sleepiness prior to their naps relative to non-nap
days. The most likely place for these effects to be revealed would be
the time between the noon and 4:00 p.m. recordings, that is, during
the proverbial post-prandial dip, and shortly before the majority of naps.
Even i{ nap and non-nap days were not significantly different at noon
and 4:00 p.m. values, the change across this time should be greater

and in the predicted direction on nap days.

As TFigure 11 shows, both appetitive and replacement nappers dis~-
played a drop Lin general activation and a reciprocal rise in sleepiness
from noon to 4:00 p.m. on nap days, but not on non-nap days. Non-
nappers showed neither cffect. Table 9 presents the median change
score across this time period for nap days and non-nap days of nappers

and non~nappers. Wilcoxon tests were carried out within each group on
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TABLE 9

Median change in AR-ACL factors' scores from noon to 4:00 pm for
nap days and non-nap days of appetitive nappers, replacement nap-
pers, all nappaers, and non~nappers during a 14~-day period,

nap days non-nap days

N 1200-1600 1200-1600
Factor: eral vati
Appetitive nappers 11 -2,00* +0,22
Replacement nappers 11 -1,20" «0,21
All nappers 22 -1,66%* +0,03
Non-nappers 8 mmeeee 08
Factor: Deactivation-g8leep
Appetitive nappers 11 +1,09 +0.40
Roplacement nappers 11 +2,25" +0,19
All nappers 22 +1,67** +0,30
Non-nappers 9 meememm w081
Factor: High Activation
Appetitive nappers . 11 +0,83 ~0.76
Replacement nappers 11 +0,35 -0, 62
All nappers 22 +0.49 ~0,69
Non-nappars 9 ceemeem “o.2s
Factor: General Deactivation
Appetitive nappers 11 +1,08* +0,57
Replacement nappers 11 +1,50% -0.92
All nappers 22 +1,43% 40,30
Non-nappers 8 —eeemem .08

*Wilcoxon test between 1200 and 1600 values within nap days yielding

a T value significant at p<,05.
**1 value significant at p<,0l1,
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the noon versus 4:00 p.m. data. The changes that were significant are
asterisked in Table 9.

It seems clear that napperr did indeed experience less energy
and greater sleepiness during the post-prandial period of nap days, but
not non~nap days. While the effect appeared more robust for general
activation in appetitive nappers, the replacement nappers showed the
greater offect in sleepiness. In fact, appetitive nappers did hot actually
havo a significant increase in sleepiness on nap days, though when com-
bined with replacement nappers, all 22 nappers together changed signifi-
cantly (I=34.5, p<.0l), Conversely, no single group or combination
of subjoects had significant changes on non-nap days.

(2) General deactivation and high activation. Like general acti-
vation and deactivation-sleep factors, nappers also had a significant
increase in general deactivation (calmness) from noon to 4:00 p.m. on
nap days, but not non~nap days. And again, non-nappers showed no
change. Table 9 details the change scores on this factor, as well as the
high activation (tenseness) factor, which did not show significant effects
{or groups or nap days, though Figure 11 suggests appetitive nappers
might be lower than the other two groups overall.

The only high activation difference occurred within replacement
nappors, upon arising in the morning, where they had significantly lower
high activation on nap days relative to non-nap days (I=11, p<.025),

Interestingly, this is the only group and only time point where the infor-

mation was completed at significantly different times. That is, replacement
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nappers, as will be detailed below, awoke consistently earlier on the
morning of nap days relative to non-nap days, and this is reflected in
the median time they indicated they completed the AD~ACL booklet (nap
days = 8:50 a.m. versus non-nap days = 9,34 a.m., p<.025). Thus, it
is uncertain whether replacement nappers' lower high activation early in
the mornings of nap days is the result of a circadian influence on the
rating, or is meaningfully related to how well they slept the night before
or whether they plan on napping later in the day.

The post-prandial increase in general deactivation on appetitive
nappers' nap days resulted in their 4:00 p.m. value being significantly
higher (l.e., more calm) on nap days relative to their non-nap days
(=10, p<.025), and significantly above non-nappers' non-nap days
value (U=20, p<.05). This is consistent with appetitive nappers’' very
low yeneral activation at 4:00 p.m. on nap days, and further emphasizes
that their typical pre-nap state is one of lowered energy and increased |
calmness.

The Increase in general deactivation, and deactivation-sleep.
as well as the decrease in general activation that replacement and appe-
titive nappers report betweer noon and 4:00 p.m. on nap days, appears
somewhat analogous to the increase in sleepiness (see Figure 10) and
general deactivation, and dgorease in general activation and high activa-~
tion scen tn the laboratory between an hour before the naps and immedi~-

ately beforc the naps. Though the laboratory changes were over a much

more circumscribed time frame and may have been a function of experimental
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demands, the similarity seems worthy of note. The fact that the labora-
tory changes were not seen on wake control days and the circadian
changes were not seen on non-nap days increases the likelihood that
these changes are indicative of a preparatory response to nap. However,
they could also reflect sleep need, though the concept of sleep need
should then be confirmed by shortened nocturnal sleep. Analyses of
sleep diary data provided information relevant to this issue.

2. Sleep Diagry Results.

The 30~day sleep diary subjects completed between laboratory
DAYS 1 and 4 permitted evaluation of the typical behavioral activity
and slecp/wakefulness patterns of nappers and non-nappers, and com-
parison of appetitive and replacement napping patterns. The diary also
allowed comparisons of nap and non-nap days (a procedure employed in
our carlier study [Evans & Orne, 1975]) to determine the function of
napping in the broader context of sleep need, and it provided important
information on nocturnal sleep surrounding the laboratory naps.

a. Bebavioral activity in nappers and non-nappers. The sleep
diary cuntained a number of questions that referred to physical activity,
mental activity, and fatigue. Though we had no clear hypotheses con-
cerning between=-group differences in these areas, we nevertheless
thought it important to assess such activity in the event that it accounted
for napping behavior.

Since modern restorative theories of sleep (e.g., Oswald, 1970)

place emphasis on energy consumption during wakefulness, they also
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therefore predict changes in sleep infrastructure as a result of changes

in daily physical activity. Indeed, over a dozen separate studies have

[FY SRR ORE SRR S WERE 5 S

been carried out on the effect of energy expenditure (usually exercise)
- on sleep, with varying results. Bonnet (1980) lists these studies, and
T reports a well-controlled investigation he conducted, which shows per-
formance and mood decrements following wake energy expenditure equiv-

alent to 40 hours of sleep deprivation. The decrements he observed

closely approximated sleep deprivation decrements, but unlike sleep

RV

deprivation, nocturnal sleep following the exercise was unchanged.

Py Sy

: ' Lack of clear effects from such energy expenditure on sleep

e ealiE

might suggest that different levels of physical activity are unrelated to

L~.'.I whether an individual naps or not. That is, napping may be the sole !
" result of sleepiness, reflecting sleep need, largely independent of ;
lﬂ fatigue from energy expenditure. If this is the case, then nappers and ‘
,; -: non=-nappers should not differ in their patterns or amounts of physical

; activity.

5

Table 10 displays the mean 30-day sleep diary answers to ques-
tions concerning behavioral activity in both napper groups and confirmed

non-nappers. The between-groups I ratios are also presented, along with

post hoc Newman-Keuls comparisons. Clearly, groups did not appear to

differ in the frequency of physical or mental activity, or related questions.

S SEENP

More detailed analyses of physical activity patterns, including the type

Ao
bl

of activity, time of day, duration of activity, etc., also revealed no

differences between nappers and non-nappers.
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TABLE 10 §
Mean sleep diary responses to questions regarding behavioral activity ;;
over a 30-day period for appetitive nappers (A), replacement nappers (R), ¥
and non-nappers (N). s
: A R N Groups! post-hoc? ;
: 8leop Diary Question  Ne 11 11 9 [p,28 Tesults i
Read or watch TV before going
S to sleep last night? (y=1 ,N=0) 0,35 0.34 0.48 0,81 ]
' How long were you outdoors '
'~'5 yesterday? (hrs:mins) 1.37 2,28 2.23 1,69
! Any regular physical exercise ]
n yesterday? (Yul,N=0) 0.28 0.25 0.25 0,05 i
; Any special physical exercise i
! yesterday? (Y=l ,N=0) 0.14 0,23 0.15 0.80 :
. Did you concentrate espacially %
[ hard yesterday? (Y=l,N=0) 0.29 0.27 0.30 0.12 .
' Did you have any difficulty j
concentrating? (Y=1,N=0) 0,18 0.19 0.24 0.50 |
Time you felt most tired i
yesterday? 1651 1814 1627 2,41 .'i
I At any time yesterday were you 5.
[ fighting off sleap? (Y=l,N=0) 0.23 0.26 0.26 0,18 !
How many cups of coffee or tea !
L did you have yesterday? 0.73 1,48 2,08 2,61 p
. , How many cups of coffee or tea i
e in the last 3 hours? 0.04 0.13 0.39 6.01* A,R<N )
v — |
o 1 F ratio for main effect between groups. A
&y 2 Newman=~Keuls comparisons between means, p<.05 or lower, 3
b d *p<,0l
-y
i The only sigrificant F ratio was for the number of cups of coffee
LI
: or tea in the last three hours, with non-nappers reporting more coffee~tea
consumption than cither napper group (p<.05). While there was a similar
trend for coffee-tea consumption during the entire day, it was not signifi-
cant. [I'urthermore, when stimulant consumption (e.g., tobacco, coffee,
tea) was assessed on other questions during the study, groups did not
differ significantly, though there remained a pattern of non~nappers taking
slightly more coffee than appetitive nappeis:.

The significant F found for coffee consumption in the last three

hours was associated with significant differences in the times subjects
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completed the sleep diary each day. While they were all asked to com-

plete it shortly after awakening in the morning, appetitive nappers did so

P PP R

significantly sooner than replacement nappers (p<.10) and non-nappers
(p<.05). In fact, non-nappers completed the diary an average of 3 hours

and 46 minutes after awakening, compared to appetitives' 1 hour and 5

; ¢ st

ot

minutes (p<.05). Itis possible that non~nappers had more time in which
: to drink coffee (prior to diary completion), and consequently reported more
e coffee consumed within the last three hours.

Groups not only did not differ consistently in coffee intake, but

Y pmiiain ik e

‘ : they also did not differ in their medicinal drug intakes or their illicit

c drug consumption, both of which appeared surprisingly low. No group

T

rif consistently used aspirin, tranquilizers, sleeping pills, or similar

2 sleep aids to go to sleep, and conversely, no group consistently used No-

Doz and stimulants to stay awake. Finally, qroups did not differ in
physical characteristics such as height (5'5" - 6'1") and weight (115 - 180

1bs.).

b. Characteristics of nighttime and daytime sleep in nappers and

non-nappers. Just as we did not anticipate differences in behavioral ac~

tivity between nappers and non-nappers, we did not expect to find nocturnal
sleep differences between them. However, we understandably expected the
30~day diary to document that nappers napped frequently during the daytime,
relative to non~nappers, with appetitive nappers napping the most.

Aside from confirming the daytime napping patterns of our sub-

jects, examination of the diary sleep/wakefulness patterns, as well as
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nocturnal sleep characteristics in our nappers and non-nappers, wal
essential to insure napping differences were not the product of pro-
found nocturnal sleep differences. For example, one might view ow
daytime nappers as nocturnal insomniacs, who must sloep In the day to
compensate for an assumed inability to go to sleep or maintain sloap
during the night. Alternatively, one could argue that confirmed none-
nappers do not nap because they are insomniacs at all times, and thus
also have poor nocturnal sleep efficiency. While wo have matntalnod
that replacement nappers likely nap to componsate {or lodt nogturnal
sleep (Evans & Orne, 1975), we have suggosted this lost night sloop
resulted from their voluntary shortening of sleop duo to peroaivod work
demands rather than any sleep problems. ['urthor, in this study wao
eliminated all subjects who roported difficuliy with nocturnal sleop, Cons
sequently, we expected normal nocturnal sleep charactoristios in all
groups .

Table 11 presents the mean nocturnal and daytime sloop param-
cters during the 30 days, for all 3 yroups, along with betwoan~group [
rativs, and post hoc tests. As predicted, there wore no difforoncos in
nocturnal sleep patterns, and all subjects appeared normal and non=-
insomniac. They all tended to go to bed around tho same timo (non-nappors
were slightly later on the average), fall asleep fairly quickly, sloep woll,
not wake up or get up during the night, sleep around 7 hours, and awake
about the same time of the morning. They folt thoy dreamt about 60% of

the time, and recalled about 60% of the dreams (replacemont nappors
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TABLE 11
Mean sleep dl_ary responses to questions regarding noctumal sleep and
daytime napping over a 30-day period for appatitive nappers (A), veplace-
ment nappers (R), and non-nappers (N).
A R N Gmups’* post-hoo::2

Sleep Diary Question N= ]} 1 9 I2,28 results
Did you sleep well last
night? (Y=l,N=0) 0.91 0.88 0.77 2.17

How deeply did you sleep?

(1-10} 7.58 7.48 6.85 0,70
What time did you gu to

sleap last night? * 0156 0146 0229 2.51

How long to fall asleep?

{mins) 15,9 14,7 19,0 0.46

Did you wake up during the

night? (Y=l NwQ) 0.31 0.31 0.17 1.82

Did you get up during the

night? (Yml, Nm=Q) 0,11 0.12 0.12 0.02

Did you dream?

(Y=l ,N=0) 0.62 0,61 0.54 0.22

Do you recall the dream?

(Y-l'NIO) 0. 64 0| 52‘ 0.78 3.28

How long did you sleep

lastnight? (hrs:mins) 7:12 7:07 6:49 1,30

What time did you wake

up this moming? 0910 0904 0907 0.03

Did you nap vesterday?

(¥=l,N=0) 0.40 0,29 0,05 21.04% A>R>N
How long was the nap?

(lirs:mins) 1:08 1:22 1:14 0.57

Was the nap a good one?

(Y=l ,N=0) 0.81 6,84 0.3 10,22* A,R>N
Were you refrashed after

the nap? (Y=1,N=0) 0.73 0.83 0.32 10,97* A,R>N
1 napped lying down (1),

sitting up (2). 1.18 1.28 1.32 2.14

1 I ratio for nain effect between groups.
< Newman-Keuls comparisons between‘ means, p< ,05 or lower,

* p<.00l
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appeared to recall somewhat fewer dreams than non-nappers) .* Not
only were the mean differences presented in Table 11 non-significant,
but compar; son of each group's variance on each diary question (using
Hartley's F . test) also showed no differences.

In addition to the sleep diary confirming no differences between
nappers and non~nappers in nocturnal sleep patterns, questionnaires
administered in the laboratory also revealed a lack of differences. In
particular, the morningness-eveningness questionnaire, developed by
Home and Ostberg (1976) for the purpose of assessing differences in
circadian sleep/wakefulness rhythms, yielded no significant between-
group difierence (appetitives' X=42.55; replacements’ X=44.,27; non-
nappers" X=41.78). All three groups had some evening types, and no
morning types, with the majority of subjects being neither type. The
fact that Webb and Bonnet (1978) have reported differences in the sleep
and napping patterns of extreme mcrning and evening types makes our
result all the more important, since it appears this parameter cannot
account for our napper - non-napper napping differences.

I'nally, personality questionnaires, such as Zuckerman's Sensa-
tion-Seeking Scale (Zuckerman, Kolin, Price, & Zoob, 1964) and the
Maudsley Personality Inventory (Eysenck, 1956, 1959), revealed no dif-

‘ercncos between groups, further contirming that neither nappers nor non-

e m U e A e AR B e Y . AR S W S S A b W R e G S S - S e Sy S e o - A

*All diary data were a.alyzed for differences be -veen weekdays and
The only signif.cant difference was that - pp. ‘tive nappers awoke

45 minutes later on weekend mornings relative to wee" "1y’ (T=4, p<.01l).
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nappers have personality characteristics similar to those reported for
insomniacs (Coursey, Buchsbaum, and Frankel, 1975). Other inventories,
such as Barron's (1953) Ego Strength scale from the MMPI, the socializa-
tion scale (Gough, 1960) from the CPI, and the Crowne-Marlowe Social
Desirability scale (Crowne & Marlowe, 1960) also showed no differences
between groups nor any abnormal scores. It is noteworthy that Lawrence
(1971) also found no personality differences between nappers and non-
nappers.

Returning to the diary data presented in Table 11, it is clear that
the only area showing major differences between groups involved, as
expected, questions concerning daytime napping, where the F ratios were
significant at p<.001 or lower. Appetitive nappers reported napping on
40% of the days, which was significantly above replacement nappers' 29%
(p<.05), both of which were higher than non~nappers' 5% (p<.001). The
typical nap duration was slightly over an hour in all groups. However,
judgments of whether or not the nap was good and refreshing revealed
nappers to be significantly more positive than non-nappers (p<.001 in all
cases). The similarity of these subjective effects to those found following
the laboratory naps (see Table 7) leaves littie doubt that our confirmed non-
nappers do indeed find naps very unpleasant, and actively avoid napping,
whilc nappers nap frequently and report very positive effects from over

80% of their naps.

¢. Napping patterns in appetitive and replacement nappers. The

sleep diary also included information on the characteristics of daytime
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sleep in our two napper groups.

Table 12 displays the total number of

TABLE 12

A

*
naps for each group during the 30-day period. Consistent with the

Appetitive (A) and replacement (R) nappers' nap parameters taken from
sleep diarfes during the 30~day period between laboratory DAYS 1 and 4.

R

Total number of naps

Number of naps per subject

Number of naps per week
per subject

Percent of naps between
1200 and 1800

Time of nap
Nap duration (mins)

Time from morning awakening
to nap onset (hrs:mins)

181
17
3.2

72%

1554
60

7:08

131
11

2.6

72%

1625
90

7:57

1 Two-~tailed tests.

Lt ]
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nappers (see Figure 3).
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predictions, appetitive nappers had significantly more naps per subject,
and more naps per subject per week, a result in full accordance with survey

nap frcquency data reported by hundreds of replacement and appetitive

Though it appeared that appetitive nappers had an earlier nap onset
time, the difference was not significant, nor were nap duration and time

from morning awakening to nap onset significantly different between

- ——— - — > > -

*The values presented in Tables 12 and 13 are medians, and the
statistical analyses are nonparametric, since the data are the result of

pooling within and between subjects and we did not wish to make assump~
tions regarding the nature of the data distributions.

significant comparisons were confirmed parametrically.

[P

Mann-Whitney!

y=28, p<.025

U=34, p<.05
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appetitive and replacement nappers. Figure 12 contains the distribution

of each group's naps (nap onset time) across the time of day. The slight

-

20 4 11 Appetitive Nappers "T

15 - T
10 1

Percent of total naps

1

- = , , O
I 0800 1200 1600 2000 2400 0400 |
Time of day

11 Replacement Nappers
r—

15 1

10 4

Percent of total naps

S

- | L--h"\-j:c:l

| o800 1200 1600 2000 2400 0400 ]
Time of day

Figure 12. Proportion of naps distributed across time of day for appetitive
nappers' 181 naps, and replacement nappers’ 131 naps, Data
are from the 30-day sleep diaries completed between laboratory
DAYS | and 4,

tendency for appetitive nappers to begin naps somewhat earlier in the day
was largely a function of their having more naps begin between 2 and 3 p.m.,
relative to replacement nappers (p<.05), while the latter group tended to
have more naps later in the evening, that is, after 9 p.m. Despite re-

placement nappers® nap onset times appearing somewhat more variable,
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both groups had roughly three quarters (72%) of their nap onsets during
the afternoon, between noon and 6 p.m., with the highest proportion of
naps (over 33%) in the middle of the afternoon, between 2:30 p.m. and
4:30 p.m,

The higher frequency of napping among appetitive nappers is
consistent with their reports of being able to fall asleep almost any time
o0 day, and while riding in a car, bus, airplane, or train, as well as

their greater desire for a few short naps per 24-~hour period relative to

one continuous period of sleep. It must be emphasized that these indi-

viduals are not narcoleptic, since they clearly do not experience uncon-

trolled sleep onset. Rather, they appear to have increased control of

sleep onset, and use that control to nap frequently, in a variety of situ-

ations even when they do not feel tired. Though replacement nappers also

appear to nap frequently, and indicate they have some control over sleep

onset, they state that they nap only when they feel tired. It seems likely,

therefore, that their naps are in response to increased sleep need.

d. Daytime napping in relation to nocturnal sleep.

(1) Nocturnal sleep characteristics on nap and non-nap days. Our

carlier work (Evans & Orne, 1975) had indicated that the primary reason

replacement nappers nap is due to their getting less sleep the night before
nap days relative to the night before non-nap days (t=2.10, p<.05). Their
truncated sleep appeared to be the result of awakening about 46 minutes
earlier on nap days. Interestingly, replacement nappers mors often slept

less well the night after a non-nap day relative to the night after a nap
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day (t=2.23, p<.05). Appetitive nappers, on the other hand, had no

: clear differences in nocturnal sleep between nights prior to and following

We sought to replicate these results, using a 14~day period of our

diary data, between laboratory DAYS 3 and 4, since the original findings

; were based upon a 2-week period. Table 13 contains the mean values

-
oy TABLE 13
' Mean noctumal sleep values for nights before nap days (B), after nap days (A), before non-nap
‘ days (B-), and after non-nap days (A-), derived from a l4~day period between laboratory DAYS 3
and 4, for 11 appetitive nappers (A), 11 replacement nappers (R), and 9 non-nappers (N),
nocturnal slesp conditions
question group| B A B~ A=~ within-group comparisans (g<}*
! What time did you fall A | 0205 0206 0206 0154
asleep last night? R {0157 0137 0146 0146
- N |onee  emee 0232 0232
o |
L Did you sleep wall last A 89 84 88 87
. night? (% yes) R | 81 9 88 85| A>A- (.005)
N | o= --e- 74 72
1]
k.| what time did you wake A | 0903 0920 0918 0909
up this moming? R 0832 0858 0910 0904 | B <B-{,025), B <A (,025)
: N |====  ===- 0819 0911
|
L How long did you sleep A 7:03 7:17 7:21 7:18
g last night? (hra:mins) R [ 636 7:09 7:27  7:18 | B<B-(.01), B <A (.025)
B | N | === ==u= 650  6:50
-
. * Wilcoxon matched-pairs signed-ranks tests within each group, between noctuinal conditions.
‘1| Probability levels are 1=tailed, since significant differences were predicted, Comparisons werse
;ﬁ'» not made between conditions B & A-, and B~ & A.
%
E} for nocturnel sleep onset, offset, length, and quality of sleep for each
a3
F'ﬁ group, on niyhts before nap days (B), before non-nap days (B-), after nap
o days (A), and after non-nap days (d-). Wilcoxon matched-pairs signed-
-
,;’, ranks tests hetween these four conditions within each group revealed a
“ full replication of our original findings.
{ |
¥ Replacement nappers slept an average cf 51 minutes less on nights
),
>
:
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prior to days they napped relative to nights before non-nap days (p<.01),
and an average of 33 minutes less compared to nights following nap days
(p<.025). They truncated their pre~nap day nocturnal sleep length by
awakening an average of 38 minutes earlier on nap day mornings relative
to non-nap day mornings (p<.025), and 26 minutes earlier than mornings
after nap days (p<.025). They aiso indicated that they slept well an
average of 94% of the nights after nap days compared to 85% of the nights
following non-nap days (p<.005), and they were less likely to recall
drearing after a nap day (48%) relative to nights after a non-nap day
(65%; p<.01). Appetitive nappers showed no significant differences
between conditions, and non~nappers did not have enough nap day data to
make comparisons meaningful, though they also did not differ between
before and after non-nap days.

Having replicated this .mportant paitem of reSults; for a 2-week
diary period, we examined the sleep lengths for the entire 30-day diary
to insure the differences in nocturnal sleep were consistent over a longer
pertod of time, as well as to compare sleep lengths between groups.
Since the major sleep length differences occurred within replacement nap-

pers on nights before nap days, we examined total sleep time (TST) on

nights prior to nap days, TST on nights prior to nap days plus nap durations,

and TST on nights prior to non-nap days. Figure 13 depicts the median
histograms on these measures for each napper greup, and non-nap day TST

for non-nappers.

In full agreement with the 2-week data, appetitive nappers had the
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- . nappers nappers
R
“;:,.: Figure 13, Medlan sleep lengths for nappers and non-nappers
*;""4 during the 30~-day diary period. Histograms sharing
:‘ the same letter are not significantiy different at the
. p<.05 (1-tailed) level or lower, by appropriate non-
parametric tests,
same amount of sleep on nights prior to nap days and non-nap days, while

replacement nappers had consistently less TST on nights prior to nap days
relative to their non-nap day nights (p<.001). In addition, appetitive
nappers had significantly more nocturnal TST on pre-nap and pre-~non-nap
nights than replacement nappers did on pre-nap nights (p<.05). The only
histogram not significantly different from replacement nappers' pre-nap

nocturnal TST was non-nappers' pre-non-nap TST, though there was a
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trend (p<.10, one-tailed) for non-nappers to be higher.

Non-nappers’ typical nocturnal sleep length on a non-nap day

was significantly below all other TST values for appetitive and replace-
ment nappers. That is, when nappers' nocturnal TSTs prior to non-nap '
days were compared to non-nappers' TST prior to non-nap days, nappers

had consistently higher values (App. p<.025; Rep. p<.01). Though the

R o T N

; differences appear small in Figure 13, non-nappers nevertheless typically

e slept about 15 to 25 minutes less on nights preceding non-nap days than

2 e T

either napper group. They also slept a few minutes less than appetitives

did on pre~nap nights (p<.05), and, of course, they had less sleep than

{
1

either napper group did on nap days, when nap sleep lengths were added

to nocturnal sleep (p<.001). Consequently, when TST per 24-hour period

was assessed across the entire 30~days of the diary, non-nappers had

P R

L 41
ey - s

30 minutes less sleep per diy than either appetitive (p<.001) or replace-

=‘-ﬂ'_
)

, ‘.“ .t-

*
ment nappers (p<.05), while napper groups did not differ.

In our earlier work, non-nappers also averaged less TST per 24-

. 8

hours, but did not average significantly less nocturnal sleep than nappers.

T W

ixaae .

Nevertheless, when nap and non-nap day nocturnal sleep lengths are com-

e

p A

pared over a month, non-nappers average consistently less nocturnal sleep

k4

prior to their non-nap days than nappers do prior to their non-nap days.

o
b s

——
5 3

Though the difference is well under an hour, it is consistent, and clearly
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*This included nap lengths added to nocturnal sleep lengths on nap
days. Median values were: non-nappers = 7.14 hrs., appetitive nappers

“, = 7.59 hrs., and replacement nappers = 7.64 hrs. Mann-Whitney U-tests
5 were performed, and significance levels are two-tailed.
g
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indicates that confirmed non-nappers not only get less sleep (relative to
nappers) when naps are added to nocturnal sleep time, but, in fact, get
less nocturnal sleep than nappers, with the exception of replacement
nappers' pre-nap night sleep.*

Further examination of Figure 13 reveals that the highest amounts
of sleep obtained understandably occurred when nap lengths were added
to nocturnal sleep lengths. Curiously, despite significantly less noc-
turnal sleep on nap days, replacement nappers had as much TST per nap
day as appetitive nappers. This was largely due to replacement nappers'
somewhat longer naps (see Table 12), especially on days where the prior
night's sleep length was particularly short. Nevertheless, while appeti-
tive nappers’® TST per nap day was significantly above all other values,
replacement nappers' TST per nap day was not significantly above their
TST per non-nap day. This is congruent with our contention that replace~
ment nappers nap in response to fatigue, which appears to be directly a
function of acquiring a specific amount of sleep per day. Nappingj for the

replacement napper is a way of balancing the sleep need ledger. Since

*Overall, it appears that subjects participating in the current study
slept 30 minutes less per day than subjects who participated in our earlier
work. Since the effect appears in all groups, {t is possibly the result of
a sample difference between our earlier work and the current investigation.
One major difference between the studies involved their length. The current
study was nearly 4 times as long and demanded much more subject involve-
ment than the original work. Given that all of the current study participants
were extremely active curricularly and extracurricularly, in addition to their
participation in the study, it is possible that their slightly shorter nocturnal
sleep average reflects an even busier activity schedule than participants in
the earlier work.
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they more often report having slept well following a night after a nap day,

Bl e B S < il

relative to a night after a non-nap day (see Table 13), it seems reasonable

to suggest that the nap sleep has a positive effect on the post~nap nocturnal

ki At

sleep (assuming that the replacement napper was not unduly sleep deprived).
The mechanism for this is probably little more than the nap sleep adding to L

the nocturnal sleep which fcllows it, yielding a TST for the previous 24

hours that is subjectively “enough" sleep.

: While the data on nocturnal sleep length presented in Figure 13 was

-

analyzed nonparametrically to avoid making assumptions about data distri-
butions, extensive perametric analyses were also carried out. The para-
' metric analyses fully confirmed the findings, especially the fact that re=-
placement naprers averaged less sleep the night before a nap day versus

o the night before a non-nap day (p<.001) and versus the night before appeti-

tive nappers' nap day (p<.01). However, replacement nappers were also

FTTE e

LY R

significantly more variable (between subjects) in nocturnal sleep duration
=4.72, p<.0l),

aw-
IA‘{‘

on pre-nap day nights relative to pre-non-nap day nights (gmax
=5.19, p<.05).

) &8
. .

and relative to appetitive nappers' pre~nap day nights Emax

et

In fact, replacement nappers were more varliable in nocturnal sleep length

3 TP W
Sl

EA o 2

before nap days compared to all other napper and non-napper nocturnal sleep

averages. This was primarily due to replacement nappers varying widely

S

in the extent to which they truncated their nocturnal sleep the night

e

before nap days. For example, one individual typically shoriened his sleep

by nearly 3 hours, while another averaged only 20 minutes less sleep
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compared to nights before non~nap days. Thus, while replacement nap-

pers clearly had shorter nocturnal sleep before nap days, the extent to

which sleep was truncated varied considerably among individuals.

This is perhaps an appropriate point for discussion of the purpose
served by naps for replacement nappers and an emerging view of sleep
need. There is a considerable amount of data, primarily the studies of
Taub and Berger (1973a, 1973b, 1974a, 1974b, 1976b) that suggest any
change in an individual's normal nocturnal sleep schedule, including
shortening, lengthening, or displacing nighttime sleep, is likely to have

negative effects on the individual's performance and mood. These studies

are well designed, the data are consistent, and there is thus little reason

*
to doubt the accuracy of the results. However, these investigations were

carried out on young adulis who showed "no daytime napping" (Taub, 1978,

p. 39).

While we do not doubt that mocd and performance the first day
atter an altered nocturnal sleep schedule will show adverse effects from
the disrupted sleep, we must consider these results in light of the fact -
that nappers, especially replacement nappers, employ napping during the

day to compensate for shortened nocturnal sleep, and thus use naps as an

ameliorant for altered nighttime sleep schedules. Nappers might well be

the very individuals who could most quickly adapt to such altered schedules,

in the sense that they could restore effective functioning by napping to
compensate for lost sleep.

ey -y . ¢ v - o)y o e St M g S et T e S G W T S S et S A e T . A g -

*Critical comments (see Webb, 1978b; Hauri, 1979) suggest caution
in drawing definitive conclusions from these publications.
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The conclusion Taub and Berger, and others, have drawn from

o i meiie

their data is that the maintenance of a habitual sleep/wakefulneys cycle
may be more important for sustaining effective mood and functioning than
total sleep time. On the other hand, replacement nappers behave as
though getting a set amount of sleep each day i8 oritical for effeotive
functioning, and consequently, while their naps may necossarily alter
their sleep/wakefulness cycle, they provide them with tho oxtra sloep
required to meet their total sleep noed, This {8 all the more surprising,

since they nap in response to relatively small dally fluotuations (3u=60

v——
O TV S U

minutes) in nocturnal sleep timo.
Neverthelass, replacement nappors' behavior Lo not novabtatlly
inconsistent with the blorhythmic view Taub and Bergor propose, [ deomy

likely that a combination of shortoned $loop and o displagod sloap ayule

= et e

are more debilitating than either factor alone, ospoecially tn Individualn
who do not regularly nap. Replacoment nappers compriso a third of owr
surveyed young adults (see Table 1), and appoar to have tho capagity o

go [rom a monophasic to a biphasic sleep/wakefulness cyale folluwing

nights of reduced sleep, thereby using naps to componsato for some ol the
lost slecp, Thelr naps tend to be taken in tho attarnoon, durtng a ytola-
[a]

tively circumscribed period (see Figure '2). Naitoh's (1981) data sugyost

that afternoon naps are more likely to be beneficial to tho sleop~demrivad

individual than naps at the trough of the circadian activation aurve., Indeod,
Webb (1978a) has argued that the afternoon nap 8 the second phaso of a

naturally-occurring blphasic sleep cycle. [t {8 concetvable that roplacemont
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nappers respond to nocturnal sleep loss by napping during a portion of
thie circadian cyele highly conducive to permitting the restorative com-
ponents of sleap to operate.

In contrast, non-nappers are either unaccustomed to using this
socr id phase to sustain functioning (1.e., can't fall asleep), and thus
roead time to adjust, or they may be unable to derive any benefits from
the second phiaso, as is the case with our confirmed non-nappers,

Appetitive nappers appear to have the most consistent biphéstc
sleop/wakelulness cycle, and their napping may be the closest to an
unc  alvocgal bliorhythmic pattern. Their nocturnal sleep does not differ.
on m jhts before nap days compared to nights before non-nap days, thoy
raport boing able to go to sleep in a variety of sltuations, they indicate
the highest proferoncoe for a few short 1aps relative to one long sleep
period, they can [all arleep in a non-optimal environmont in the aftornoon
v thout boing sleop deprived, and thoy nap mors {requently in the aftornoon
than othor groupd. Moreover, they have no sleep problems, no vbviously
poculiar poersonality charactoristics, or uniquoe bohavioral activity pattorns .

F'urther evidonce tor tho blorhythmie nature of appetitive nappoers!’
napt comus (rom thelr elrcedian functions for subjoctive activation (sce
Pegure 1), 'Thoy wore tho only group Lo reveal alear ditforoncos in ratings
ol genorgl activation and devctvation=sleop, tn tho attornovn, butwoen
nap and non=nap days, Days on which they do not engago (n napping (a
monophame sioop eyelo) ara distinguished by more goneral activation and

an exlrome lagk of sloepiness, Whilo the charactoristics of thoir non~-nan
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days, particularly those aspects that lead to minimal sleepiness, remain
uncertain, it is apparent that if asked to nap on such days, as in DAY 3
of the current study, they can do so. From a biorhythmic perspective,
appetitive nappers appear to possess the ability to sleep biphasically,
and do so frequently, but certain days are distinguished by little sleepi-

ness, and a decision not to nap.

(2) Nocturnal sleep before and after laboratory naps. An analysis

of characteristic sleep patterns on nap versus non-nap days was not only

possible for the entire diary period, but was also completed for nights

bofore and after laboratory nap sessions. Since the laboratory sessions

were known nap periods, nocturnal sleep prior to and following them should
refloct both subjects' need to nap as well as the consequences of their
naps on the subsequent night's sleep.

Figure 14 presents the median sleep lengths for nights before all
fuul laboratory scssions, as well as for pre-nap and pre~non=nap nights
(rom the entire 30-day diary. Signif.cant difterences within cach group
are indicatod in the ligure. As expocted, appetitive nappers had no con-
stutent difforences among any of thelr sloop longths, again tllustrating
that their nocturnal sleep (8 unrolated to their daytime napping.

Replacemont nappors, as was noted above, had signiticantly less
sleop on nlghts prior to nap days relative to pre-non~nap days., In addition,
howoevaor, they aldgo had less sleep tho night bolore tho DAY 3 laboratory nap
(In tho wloop hostilo environment) relative to thotr typical pre-nap day noc-

tu ol gloop (p<.08), and thelr gloop the night before wake control DAY 4

Tt s s i L ALk A
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. 11 Appatitive nappers 11 Replacement nappers 9 Non-nappers
p<,05
L <05 <,05
. - A
p<.001
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Figure 14, Median values for nocturnal sleep lengths on nights before nap days (N),
nights bafore non-nap days (No), and nights before the 4 laboratory sessions:
control DAYS (1 & 4), and nap days (2 & 3). Nap and non-nap values are
from the 30-day diary records, Wilcoxon matched=-pairs signed-ranks tests
were carried out between histograms within each group. Significance levels
are two-tailed.

(2<.05), when they knew that they would not be napping., In general,
their median sleep length for nights prior to the first three labovatory
viglty, when they expocted to nap, wero very similar to their typical

night sleep length prior to nap days, that is, somewhat truncated. Appar-
ontly, asking a replacement nappor o nap, partizularly in an alerting en-
vironment, and simultancously asking him to get a "normal” night's sleeyp,
rosults (n the individual getting nocturnal slecp of the same duration as

A typreal pre=nap ntght. This, aftor all, {8 what oocurs "normally" for
eplacoment nappors on pre-nap day nights, ‘This sugyests that thoy con-
Lol thetr nocturnal=sloop/nap=sleop pattorn such that thoy may chovse
to gol lens gloep one night by gotting up cavlier, knowing that they ean

componsale tho partial sloop loss by napping later {nh the day,
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Non-nappers showed what we consider to be the most surprising
pattern in Figure 14. Their nocturnal sleep lengths the night before nap
DAY 3 (the alerting environment) were significantly below their typical
pre-non-nap day nocturnal values (p<.05) and below their pre~nap DAY 2

nocturnal values (p<.05). They received less sleep the night before nap

mme— o L

DAY 3 by going to bed significantly later (around 3:45 a.m.) relative to
their usual bedtime (2:05 a.m.). This may account for why only 5 non-

nappers were able to fall asleep in the optimal nap environment of DAY 2,

while 7 of the 9 were able to sleep in the alerting environment of DAY 3.
Like replacement nappers, they tended to increase the likelihood that

they would sleep in the alerting environment by partially sleep=~depriving

‘hemselves the night before. In a sense, they were responding adaptively

to the demands of the situation, namely to nap ln a setting designed t»

L

be unconducive 1o sleap.

Non=-i ippors not only slept less the night before nap DAY 3 rela~

hve to nap DAY 2, but they also slopt significantiy more the night of

DAY 3 (following the nap) than the night following the DAY 2 nap (10,

<. 025), This would suggest that the nap in the alorting environmont of
DAY 3 did not replace the partial loss of nooturnal sleep from the night
hotwre, and this 18 consistent with tho fact taat nonsnappas roported the
DAY 3 nap to bo vory unsatisiying, and not at all refreshing (8o Tablu 7).
Nappors, opn the othar hand, gonarally roparied positive offoats from the
nap in tho alorting environmont, and did not sleep mora foliowing DAY 3

nap, though replacemont nappoers roported (alilng acleep fasior (U=, p< . 045)
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the night after the DAY 3 nap (Mdn=5 mins.) relative to the night after

DAY 2 (Mdn=15 mins.). This may indicate that the replacement nappers

also benefited somewhat less from the DAY 3 nap than from the DAY 2 nap.

Laboratory naps did not appear to have differential effects on appetitive
nappers' post-nap nocturnal sleep.

(3) Sleepiness fatiqgue on n nd nop-nap days. In addition
to 'hc subjective activation checklists used to assess circadian variation
in sleepiness and fatigue on nap days relative to non-nap days, the
sleep diary contained a series of questions concerning how much {and
when) an individual felt tired each day. By pooling within and between
subjects, it was possible to assess fatigue on nap days relative to non-
nap days. (Parametric analyses were used on these data because a large

numbor of tied responses precluded appropriate nonparametric tosts,)

Major comparisons (ANOVAs) consisted of appetitive and replacement nap-

pors (2 groups) compared across nap and non-nap days (2 trials),

I appotitivo nappers generally nap for reasons unrelated to fatigue,

a8 was suggestod Ln our original hypothesis and confirmed by nocturnal
gleep longths, thon thoy would likely show no difference {n fatigue on
nap days relative to non=nap days, while replacomoent nappers should
cloarly bemore tred, and tirod soonoer on nap days compared o non-nap
days, Tablo 14 contains the mean nap and non=nap day slaopiness ro-
sponsos during the 30-days of the diary for both napper groups as well as
tha ANOVA1osulty for cach responso, The parsistent lack ot a significani

intoraction || ratlo for any of tho quostions Indicates that contrary Lo ow
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TABLE 14 %
Y
Mean sleup diary slespinees responses for nap days and non-nap Gaya of appetitive nappers (n=1l) and ‘g
replacement nappers (n=l1). ITwo-way repeatad measures ANOVA P ratios are nresented, i
¥
Appetitive Noppors Replacement Noppers :
non-nagp nor=nap Daysl Gtoups?  Inter,? N
Sleep Diary Question nap day day nap day day L, 0 ._ELZ 0' _El 20 .;&
Time you felt most tired? 34l pm  5:58 pm  5:34 pm  6:56 pm | 10.97°°  §,10 0.68 E’
Were you fighting off sleep TS s j
at any tima? (Yml, N=0) 0,31 L 0.17 0.41 0,20 15,47 1,19 0,65 _
:}T:p';"“ were lighting of! 459 pm S48 pm 43 pm T3 pm | 5.24* 0,23 1,30
Were you 80 tired you had .
difficulty concentrating? 0.25 0.4 0.30 0.15 8.19 .21 g.18
How slespy are you? (lewide " "
awake, 10mextramely sleepy) 4.28 4.17 5,33 4,94 9,99 2.49 0.02
Could yal slaep now it you 0 o o 0 L) .03 0,01
had the Yme? (Y=l, NuD) .88 58 88 36 N 0.0

;Maln ellact within sub)ects (nap days veraus non-nap days).

Main vffact bhaiwaeon subjects (appetitive versus reaplacement),
3Intoraction ratlo,

e 08
teop<, 0l or lowar,

oxpoctation, appetitive and replacement nappers did not report different

degrees of fatlgue on nap days., The only between groups difierence was

tor thne of day subjocts felt most tired, where appotitive nappors reported
bolng moit tired earlier in the day (especially nap days) than replacoment
nappars. 1t 1y Intoresting that tho mean timo appetitive nappors indicatoed
thoy wore most tired on nap days (3:41 p.m.) colncided with the time thoey
most roguontly napped {seo Figure 12; mode=1500~1600),

The most consigtont {inding in this sleep diary sloopiness data was
the matn elloet due Lo days. On nap days, nappers -- regardloss of graup ~-
roported tooling tired carlior, wore more lkely to bo lighting off sloep,
ware Ughting oft gloep carlier, and woero moro lkely to bo so tred that

doncontration becama ditltault, relative to non~nap days, Al the end of
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diary completion on the morning of a nep day, they also indicated grecter
sleepiness than on non-nap davs, and were more likely to say ihey could
sleep now if they had the time.
but their non~nap day mean values were similar to nappers' aon-nap days,
though non-nappers were generally more variahle in their responses to
these questions.

The data presented in Table 14 suggest that nappuors' subjeative
impressions (Lf not also their actual experiences) vary as a {uhci'on ol
whother a day contains a nap or not. In particular, impressions of {allgue
seem more pronounced and are perceived to be earlier on nap days., Of
course, this may gimply reflect nappors' desire to justiry having taken a
nap. ‘That is, recalling that he napped yosterday {and when) may suggest
to the napper that he must havo been tired then, Nevertbolass, being
lired carlior on a nap day (ard fighting off sleep oarlier) 14 consistont
with subjoctive activation ¢ircadian data that show both nappor groups
oxporioncing a slguifieant drop tn gonoral activation from nonon to 4300 paon,
on nab days, but net on non=nap dovs {aoo Table 9),

Whilo preplaconent nappors' nap day fottguo 18 readily undersiood
whon one conutdory thetr vwwplaally truneated sleop tho night belore o nap
day, appetitlve nappors' nap day {elgue 18 not aocountad for by eithor the
quantity or the quallty o8 the provious night's slocp. Indeod, appetilive
nappors wore selocted booauso they reported nappinyg ovon whon they did
nol 1oo) v od,

Tk elearly sudggasts what a varioty of laboratory and

exbra-laboratory data confivm, namoly, thal appelitive nappers have a

r PR warEressvre e wORRpE LS SR EEE SRR G
AN | Vil W -
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Non-nappers are aot presented in Table 14,
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remarkable degree of control over when they sleep. On the other hand,
the subjective data indicate that, like replacement nappers, they are
reporting lees activation and more tiredness and sleepiness eurlier in

the afternoon on nap days. They appear to be more fatigued on nap days.
This subjective data could reflect a number of processaes occurring on
appetitive nappers' nap days:

(1) On a day they choose to nap, appetitive nappers might preparc
themselves by lowering thelr activation, much the way nappers appeared
to have lowered both physlological and subjective activation prior to the
laboratory naps (sea l“ilguros 5 and 10), Seenin this way, the lowered
subjective ratings reflect a proparation for napping that stoms from a
control over thelr abllity to nap. Such a view should mredict that appeti-
Live nappers nap without clear sleep nead (though thoy may replacemont
nap whea required).

{2) On the other hand, on nap days appotitive nappors show
lowoerod activation axwv: Increasod sleoplness. The possibility must ho
consrderad that this subjoctive experioncoe reflocts o olocp noed,.  Tho
appetitivo papbor may 81l have contrul ovor whother ho naps, but thero
1o rnereased tmpotus Lo nap, This Impeltud may rosult om neoding addi=-
ttonal shoop and/or thi s sleop nood may be rolatad to o biphagigo sleop
cyeloy owovar, no diary data bidigated that appotitive nappors have
creasod gloop noad, at luast not wn terms of thelr nocturnal sleep. wako-
ulneds pattara s,

To oxamino thoto altornativos, anothor approach to Lthe quoshon
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ol sleep need in appetitive nappers was necessary.

e. Sleep desired versus sleep obtained. While the diary data
indicated that appetitive nappers did not consistently nap as a result of
reduced nocturnal sleep, it was not possible to determine precisely why
appetitive nappers napped so frequently. They may simply require more
sleep to feel at full capacity, and they gain the desired amount by sup-
plemonting their nocturnal sleep with daytime naps. One way to address
this issuc |s to compare the sleep lengths subjects report thoy desire to
whal they actually avarage,

At the beginning of the experiment wo asked subjects to complete a
Jquestionnalre thal included, among other things, the following questions:
"During the past year, how many hours of sleep have you regularly had per
nlyht? How many hours of sleep do you nged per night? tHow many hours of
sloep per night would you likg to got?" Thus, we had individuals' astimales
ot thoir typleal nocturnal sleop, tho amount of sleop thoy percoive themselves
a8 noeeding, and the nocturnal sleop thoy would ldoally prefor to qgot.

While all groups indicated that they had boen gotting roughly the
amount ol nocturnal gleep thoy noodod, they also indicated that thoy would
have likod more gloop than thoy ostimatod that thoy had beon gotting noc-
iurnally . his wan ospooially truo for replacemont nappors (I=4,55, p<,on,
Ll Jogn S0 for appetitivo nappors (21,91, p<,10) and hon=nappers ({84,

by Roplacomont nappors woro tho only group who also indicated

.................... 0 bt BT mw ) B g e et e v M T et o by e Y S Pad O P W W D el e o mp T w g TR D FD MR e My ey S W

*Uludent f=tosta for pairod comparisons wore usod for the analyson in
o soahion, sincoe a largo numbor of rosponsod to tho quoestions waoro tied,

making nonparametrlo analysos more diffioull, Al significancoe levels reported
hova are twostalled,
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they would like significantly more no¢turnal sleep than they needed
(t=3.61, p <.01). When comparisons were made between groups on
these questions, no significant differences emerged, a result consistent
with questionnalre data from our earlier study (Evans & Orne, 1975),

What interested us most about these data were how they related

0 the actual sleep diary averages for TST on nap and non-nap days.

The operational definition of sleep need we employed when analyzing

the diary data was the amount of nocturnal sleep individuals had on
nights prior to non-nap days. These questionnaire responscs, howevaor,
provided another way to address sleep need in relation to daytime nap~-
ning., Consequently, we compared the questionnaire responses to the
fallowrng live 30~day diary parametors: TST on non-nap days, 151 on
nights betoro nap days, IST on nap days (nocturnal + nap timo), nocturnal
THE {or the antire 30 daye, and I'ST por 24-hour period for the antire 30
days .,

Thirty=cight of 72 gomparisons wero slgnificant at p<. 04 (two=
tarted) o Jowor, a result well buayond (<. 001) whal chance would allow
(Gakoda, Cohon, & Beall, 1954), Replacemont nappors, ag expoctod,
wora tha only group who averagoad lass sloop on aights bolore nap days
than thoy indlaated thuy typlteally hod during the past yoar (R<.,02), con-
Hirameg that @ mght ol irungatod sleop petor 1o a nap day 18 not a fypreal
replacoment napper nlght, AN Lhiroe groupy indleatod thoy would Jjke
more nouturnal slooy than the diarvy rovealod thoy rocoived on pre-nap

day nights (<, 002 to p<,0001), on pra-nonepap day nights (P <,01 to
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p<.002), nocturnally for the entire 30 days (p<.02 to p<.0002), and

TST per 24~hour period for the entire 30 days (p<.02). The only diary |
category that was not significantly different from what subjects said they
would like was TST on nap days. In terms of sleep need, all three groups
received less sleep on pre-nap day nights than they viewed themselves as
needing (p<.02 to p<.001), and only appetitive nappers claimed to have

needed significantly more sleep than they received on pre-non-nap day

nights (p<.05), as well as nocturnally throughout the entire 30 days (p<.02).

This last result suggests that appetitive nappers may indeed nap
as a supplemaent to their perceived sleep need. They estimated their
nocturnal sloep neced, and yet all of their nocturnal diary averaqes were
uncquivocally helow thoir estimated need. Viewod this way, appetitive
nappors' frequont daytime naps appear to be not only a second component
of tholr sleop oyele, but, whon addod to TST from the nlght before, the
naps help supploment the roquisito amount of sloep theso individuals viow
thomsolves ag needing, While replacemont nappurs normally rulfill thetr
pargeivod sloop neoad with hooturnal sloop, and thus nap only when noce-
Lurnal sloep 18 too short, appotitive nappers apparontly raroly fulfill their
par¢elvod gslaop nood nocturnally, and, an a rosultl, typioally tako dayume
naps Lo satisly this noed. Ilronleally, they do not porcoive themsolves ay
napping bocauso thoy aroe tired, though tholr subjective voports tndicate
thoy are more sloopy and loss onorgotio on nap days. Thay appear to nap
hocauso aftognoon dleop s not only posaible, but desirable and ploasant,
Thotr porcuivad tloop neod (8 motl by a natural biphasic sloop/wakolulness

patbern,
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TST on nap days not only satisfied individuals' estimated sleep

needs, but also came closest to providing subjects, including non-nappers,

with the amount of sleep they would like to get each night.

Since all

groups showed this effect, we pooled subjects and present the resulting

paired~t values in Table 15,

Examination of the table confirms that

TABLE 1§

Paired t-test values for comparisons between mean subjective sleep length estimates
and dlary sleep lengths for all 31 subjects (11 appetitive nappers, 1l replacement nap~

pors, and 9 non-nappers,.

nights night
TST before T8ST mean TST
no-nap nap nap all 30 all 30
days days days days days
Mean 7.23 6.57 7.86 7.06 7.48
Subjective estimate (sd) {0,58) (0,93) (0.99) (0,57) (0. 64)
Nocturnal sleap you 7,44 1,14 4,70%Y 2,18 2,36 =0,2¢
hagl tn past year? (1,06)
Noctumal sleap you 7,74 2,50 G, 14%*  «0,60 3.50" 1,38
nred? {1,12)
Noctumal sleep you  §,38 Ge54%" 9. 44" 2,26 7.74%% 5, 04%¢

would ko to gat? (0,94)

* <0006 (two=talled) == to maintain R <, 08 when 72 tests carriod out,

hp<, 000l

although subjooty ganorally rovoelved tho amount of nocturnal sloop thoey

claimed they [ad th tho pagt yoar, nlghts prior to nap days wore the ose-

coption,  ‘I'his was largoly ovidont among roplscomont nappors and non-

nappors, Similarly, in torms of noaturnal sloop pood ostimator, pre=-nap

day nights woro lowar, as was tho 30~day nocturnal avoragoe,

wat primartly due to appotitive happors,

sloop Tangth subjocts would ko waere comparoed to diary data, all nogturnal

W

Tha latter

Whon ostimates ol tho nogturial

avaraqas and tho TS per 44-hour portod for all 30 days woere well bolow

e et L T i

el




-,
S

R

s 268

- i.:.z—’[
b

=15

,’—i‘.—‘;—r
. B

179,

the estimated amount desired. Only TST on nap days satisfied what
subjects would like.

Since non-nappers very rarely nap, they virtually never get as

much sleep as they would like. Nappers, on the other hand, especially

appetitive nappers, frequently obtain the amount of sleep they would
like by napping during the day. Though both appetitive and replacement
nappers use napping to obtain their perceived sleep need, the primary
difference would appear to be that wherecas replacement nappers nap to
complemant a sleep need that is normally fulfilled nocturnally, appeti-
tivo nappors nap to satisfy a sleep need that is not only not satistied at

night, but may bo tled to a natural biphasic sleep/wakefulness cycle,

ta i Aaskemc: ahmkai. A A3 memmmia A mems A eaan. e L e .. -
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E. Discussion.

1. Napping, Sleep N and Sleep Cygle .

A major goal of our work has been to determine the functions and
consequences of napping through an investigation of individual differ-
ences in napping behavior. The original conceptualizations we had of
the functions served by brief daytime sleep incorporated both of the two
major theoretical approaches to the functions of sleop in gonoral. Ro=
placement nappers were thought to nap due to increased sleep need
(only when tired), and diary evidence for an association betweon the
ltkellhood of their napping and truncated slooep the night before appears
Lo provide a slgnificant confirmation of thig viow. llowover, appetitive
nappors wore thought to nap for reasons unrolated to sloep nood {oven
whon not tirod), and thoir diary data support the view that thoy have
incroasued control ovor sloop and at loast an intermittont biphusic gloop

cyuln not obviously tiod to noaturnal sloop length,

Appolitivo nappers not only nappod moroe than roplacoment napporn,

but they also averaged more nocturnal gloop than non=nappors,  Whilo

e diftoronge iy oach ¢age t8 rolatively small, appotitive nappors oon-

srotontly appoared to got more sloop, particularly rolativo to non=nappors.,

Thas on cipodtally obviowns whon one gonstdars total sloop time (5') per

A -howr portod, Glven tho groator ‘'S among appotitivo nappors, o i
appropriate 1o conclude that thoy nead move sloop? A8 Reaghitnehalien
(L979) pomted out, "Homo subjogts or groups might sloep much  not boe-

caute they nood 10 moust but bocautio thoy have thoe bost devolopad or
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functioning mechanisms for getting it. They may be the subjects who
need sleep the least." (p. 11).

Indeed, there is compelling evidence that appetitive nappers arc :
. ‘ remarkably adept at getting sleep. They not only nap frequently without
¥ shortened sleep the night before, but they also report being able to fall

asleep almost anywhere, and they do not have to be tired to nap, as is 3

cvidenced by both the questionnaire data as well as their ability to fall

v R,

asleep in the alerting environment of nap DAY 3 despite self-reports ot
little fatigue or sleepiness. On the other hand, their sleep need esti-
mates suggest they also feel they need more sleep than replacement

nappers and non-nappers, since they were the only group with need esti-

mates significantly above average nocturnal TST.

It is, of course, possible that appetitive nappers estimate they

need more sleep because they get more sleep, rather than their acquired

bl Lk el bl ok g ot el . o i sl -

sleep following from their estimated need. The same criticism might be

made for replacement nappers' estimates. However, this does not ex~

gt ) xSk lbean, s

plain why their estimates coincided with sleep length on niglits prior to

non-nap days, and with TST on nap days (nocturnal + nap), but not with

1
!

sleep length on nights prior to nap days. Presumably their sleep need { 1
!

was not met on certain nights, thereby creating a sleep debt, which was
reflected in feelings of tiredness the next day and a propensity to nap.

Such speculation has clear recovery or restorative overtones, by positing

Daeah A e i G s

that reduced nocturnal sleep was the cause for napping.

e i

It is possible to reject this interpretation by arguing as Webb (1978a)
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has "that the sleep debt does not bring about the nap, but the nap is simply

a sensitized response to the biological rhythm tendency to sleep during the
‘nap time'." (p. 316). If 8o, it remains to determine what the mechanism
is for sensitizing the biorhythmic tendency to sleep. For replacement nap-

pers, this sensitizing results from a relatively small reduction (30-60 mins.)

'i
t
|

il i

of nighttime sleep. However, if a modest loss of nocturnal sleep increases

PR Sy

the probability of subsequent daytime napping by sensitizing a biorhythmic

) AR

tendency, then maintenance of TST appears to reflect a sleep need that may

be intimately tied to the timing of the sleep/wakefulness cycle.

In terms of behavioral adaptation, replacement nappers would rather

change a monophasic sleep cycle to a biphasic cycle than to miss what they

e et Ll ot s et i |

‘i perceive to be needed sleep. Apparently they feel they can function more

effectively and feel better if they nap and derive the needed amount of sleep

per 24~hour period. The benefits of acquiring the desired TST appear to out-

weigh the consequences of a'tering the sleep/wakefulness cycle.

bl il e 4 iy ol

On the surface this seems to be contrary to Taub and Berger's (1973a,

Cobe i ket

1973b, 1974a, 1974b, 1976b) conclusions that disruption in the timing of the
typical monophasic sleep/wakefulness cycle may be more detrimental to per- |

formance than partial reductions in TST. However, since the Taub and Berger 1

studies were carried out on habitual non-nappers, their conclusions may

*
apply more to this group than to habitual nappers. An individua! difference

i B a e

*Since numerous studies have now documented that habitual nappers
(1/wk.) make up over 50% of the young adult college population (see Table 1),
and that their napping is generally not the result of any chronic nocturnal
sleep problem, the Taub and Berger findings may not be generalizable to a
significant portion of the population. This is important since they are rather
widely touted as definitive proof that small manipulations of circadian rhythms
are much more disruptive to mood and performance than modest amounts of
sleep deprivation (e.g., Rechtschaffen, 1979).
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explanation would also account for why Knowles et al. (1978) were un-

able to replicate the Taub and Berger findings on a randomly selected

group of subjects. In addition, Taub ard his associates appear to pro-

ks

¥
5]

I\
g
g
i -
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g

vide support for such an explanation by showing that habitual nappers i
|
i

.
1
1

benefit from morning naps nearly as much as evening naps, despite the
180° phase difference between them and the varied sleep stage infra-
structure (Taub et al., 1978). We conclude that while acute a.terations

in the monophasic sleep of subjects are likely to have some negative con-

Tl

sequences, and though these consequences may be independent of TET,

il bt |

some individuals appear to be able to adapt to these effects more readily

I b e

than others, particularly when the biorhythmic effects shorten TST. The

PRy

adaptation takes the form of napping, that is going from a monophasic to

VRN

a biphasic sleep cycle, which concomitantly adds to TST.

]

Though morning and evening naps have benefits for habitual nappers,
the biorhythmic constraints on napping are clearly evidenced by the ten-
dency for naps to naturally occur in the afternoon during the middle of the

typical wakefulness period (Figure 12). Webb (1978a) has argued that if

sleep serves a restorative function, the tendency to nap should be cumula-

]
i
X
¥
i
]
]
i

tive across the waking period rather than time-bound to the waking midpoint.
That is, prior wakefulness should create increasing pressure for sleep,
assuming sleep compensates for some as yet unidentified physiological
process during wakefulness. Thus, the timing of naps in habitual nappers
appears to support a biorhythmic interpretation of nap function, though the

relationship between naps and TST in nappers, especially replacement
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nappers, suggests a restorative function as well.

It is conceivable that sleep need may motivate habitual nappers
to nap while biachythmic constraints determine when the nap i8 most
Jikely to be possible, as well as beneficial to both subsequent waking
function and rubsequent sleep. Individual differences in these bio-
rhythmic constraints and sleep need account for confirmed non-nappers'
difficulties falling asleep in the afternonn, or deriving benefits when
they do nap. For nappers, naps at any time of the day may be beneficial
by providing ihe desired TST per 24-hour period. However, afternoon
naps may be more adaptive from the perspective of enhancing waking func-
tioning without adversely affecting subsequert nosturnal sleep or the
typical sleep/wakefulness cvcle. They may sver serve to tacilitate sub-
sequent nocturnal sleep. For example, replacement nappers more fre-
quently felt they slept better on nights following nap days rslative to
nights following non-nap days.

We are suggesting that the benefits of brief sleep periods wil!

vary as a function of three factors: (1) the amount of sleep pressure which

is related to the duration of prior wakefulness and the amount of prior sleep,

(2) the portion of the biorhythmic cycle during which sieep is obtained,
and (3) individual differences in perceived sleep need, the ability to con-
trol sleep onset, and the habitual sleep/wakefulness cycle.

For non-sleep~deprived subjects our data, as well as that of Taub
and his colleagues (e.g., Taub & Berger, 1976b; Taub et al., 1976; Taub

et al., 1978) and L.rtelson (1979), support the importance of individual
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differences in sleep/wakefulness patterns, particularly napping versus

o non-napping, when predicting responses to brief sleep periods. On the

other hardl, sleep need and biorhythmic factors may hecome even more
critical and override individual differences in situations involving sleep

deprivation.

Naitoh's (1981) study on the effects of 2~hour naps at the trough

of the circadian cycle and in the afterioon in sleep-deprived sailors re-

vealed that a nap between 0400 arxi 0600 had negative effects on perform=-

ance and mood, while an afternoon nap (1200-1400) had significant

i s .

recuperative effects on both, and one afternoon nap following 53 hours of

L wakefulness was as recuperative as a combination of an early-morning

. nap and a mid-day nap after 45 hours of wakefulneass. Naitoh suggested

that the poor performance and mood he observed following his sleep-
deprived subjects' early-morning nap was due to prolonged prior wakeiul-
ness increasing the duration of negative post-sleep effects typically

found at this time of day. This seems to indicate that biorhythmic deter~

S e e I T i a1 ki ok L

minants intcracted with the effects of increasud sleep need. The same
mechanism may in part acocount for Hartley's (1974) finding that three 80-
minute naps a day maintain vigilance functioning better than one 4-hour
sleep pericd a day. While he attributed the superior periormance in the
distributed sleep (nap) group to reduced wakefulness prior to testing, it is
noteworthy that the 4-hour continucus sleep group slcpt "at the lowest point
of the diurnal cycle. " (Hartley, 1974, p. 9).

The similarity between the Hartley (1974) and Maitoh (1981) studies
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\ is that the reduced sleer period thzt was least effective for improving

functioning was the one taken at the trough of the circadian cycle after

sleep need had increased by either partial or total sleep deprivation.

Though it is uncertain k~w individuzl differences may have affected the

N e e T

results of these studies, it seems clear that they illustrated the relevance

of biorhythmic parameters when predicting the value of short sleep periods

| for individuals with increased sleep need. Moreover, they are in accord

with both laboratory (Lubin et al,, 1976) and field studies (Haslam, 1981)

. . ..Tr = ;

showing the value of a few short naps for recovering or sustaining func=-
tioning in young adults otherwise deprived of sleep.
a While there seems to be little doubt that napping is better than

no sleep at all, it is somewhat less certain how napping can be most

- efficiently employed by individuals restricted in sleep length and oppor-

tunity. From the perspective of maintaining effective functioning during
quasi-continuous operations, we have proposed using napping prophylac-
tically to ward off the deleterious effects of sleep~deprivation, that is,

prior to profound sleep need developing. As we have seen above, this

T Al o e oY B, il T e e

would necessarily require taking into account individual differences in
sleep need, frequency of napping, ability to nap, and responses to naps;

and recognizing that there may be periods of the day, especially during

the circadian trough, when napping may be counterproductive. Before nap-
ping regimes can be applied to problems of sustained operations, it is
important to discuss the mechanisms that may be indicative of control over

napping, the full negative and pos.tive consequences of napping, and the
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degree to which these vary as a function of individual differences and
environmental circumstances.
The Consequences of Napping.

Feelings of sleepiness and/or fatigue are the most consistent pre-
cursors of sleep, and though it is uncertain whether they are causal to
sleep, part of sleep, or related via another mechanism (Rechtschaffen,
1971, 1979), it is common to find that they are also the parameters most
changed following sleep. This appears to be equally true for daytiine nap-
ping. Following the laboratory naps, nappers reported being less sleepy,
less tired, less deactivated, and more energetic relative to before the
naps and after wake coatrol periods. They also expressed satisfaction
with the 1aps, indicated they were refreshing, and felt better relative to
before them. Their mood was clearly more positive and this appears to
be the most consistent finding among studies of habitual nappers (Taub
ot al., 1976; Bertelson, 1979). In contrast, and as cxpected, contirmed
non-nappers revealed no change in sleepiness or tiredness ratings, and
actually reported feeling worse after the naps than before them.*

Changing the nap environment from an optimal one to a non-opttmal
vne roducod somewhat less positive mood post-nap in nappers, especially

appetitive nappers, though the effect was very modest. Nappers basically

- D G GE AP e W % e G D B e D TS G D G D D G D G N N S S G S G D e T TS AD (i M R D A g P W M D WG SRS R AN D M AR W e e e

*To our knowledge, our laboratory's program 18 the first to report the
cffects of daytime naps on habitual non-nappers. However, it must be kep!
in mind that the non-nappers we chose to study were a select small percent-
age of non-nappers who specifically avoided napping because it produced
unplcasant consequences for them. Their mood following the laboratory naps
clearly validates the selection criteria. There are many non-nappers who
do not report naps as unpleasant, and consequently it {8 not certain how they
would respond to nag...9.
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reported feeling better after the naps, and the slightly smaller degree of

subjective benefit following the nap in the alerting environment was likely
‘ related to the increased disturbance of sleep during the nap. This took
the form of greater sleep stage lability and increased transient fluctuations

to wakefulness. The fluctuations were so brief (15 sec.) that TST was no

shorter than DAY 2, but stage 1 was significantly incrcased at the expense

of stage 4 sleep, a result also noted in the Ichihara et al. (1979) investi~

-
o gation of napping in a chair. Consequently, while non-slecp-deprived
| nappers were able to sleep in an alerting nap environment, the added stim-
ulation from that environment markedly changed the infrastructure of nap
L ' sleep without significantly attenuating the positive mood increases the
J nap provided for habitual nappers. This suggests napping 18 not only pos-

sible, but potentially beneficial in less than ldeal circumstances, though,

of course, extremely hostile surroundings could make sleep more difficult.
While all subjects' nap sleep was affected by the alerting environ-

ment, confirmed non-nappers were most affected. Deapite a similar TST,

they averaged 61% less stage 4 sleep and 43% more stage 1 sleep, duc

to twice as many transient awakenings in the alerting environment. The

magnitude of these nap sleep infrastructure alterations was primarily the

g
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|

;
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result of non-nappers having a large proportion of their nap in the ¢ptima!l

envitonment in a deep, highly consolidated sleep. This seems to confirm

what we had originally hypothesized to be the basis underlying confirmed

non-nappers' repo=is of nans having negative consequences. That is, it

appears that when they naj)', particularly in surroundings similar to nighttime
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B e L e e e e T T T Lt
I B v v et e .

'

1 1R9,

sleep, they display a sleep morphology reminiscent of early nocturnal
NREM sleep. It may well be that waking confirmed non-nappers from an

afternoon nap is analogous to waking someone after the first hour of noc-

turnal sleep -- an experience most of us would likely describe as un-

pleasant. Such an interpretation is not inconsistent with Taub's (1977)

e e
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1
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|

4 suggestion that non-nappers would find naps unpleasant because napping
i

would alter their typical sleep/wakefulness cycle. We are suggesting

#‘: that the alteration actually involves the onset of a nocturnal sleep pattern
: in the afternoon.

P llow then do nappers, especially non-sleep~doprived nappers,
adapt their nap sleep to avoid the highly consolidated sleep pattern of
non-nappers ? The answer appears to be that they have more transient

light sleep during their naps in a sleep-conducive environment. Appetitive

W g L e N AL ootk s L e, W

nappers napped most frequently and typically had the highest number of
transient sleep stage changes and stage 1 epochs, as well as the largest
amount of stage 1 sleep. In both our earlier work (Evans et al., 1977) and

DAY 2 of the current study, they were significantly above confirmed non-

nappers in these parameters, with replacement nappers in betwean the twu

»*
groups. This is an intriguing finding, and though a firm conclusion regarding

*lioth Taub et al. (1976) and Bertelson (1979) have reported even i
higher proportions of light sleep during naps by habitual nappers, and !
Lawrence (1971) has remarked on the profound individual differences on this ;
parameter. Bertelson (1979) reports the only study outside our laboratory
that compared appetitive nappers' and replacement nappers' nap tleep infra- i
structure. She fo und a nonsignificant trend for appetitive nappers to have :
more stage 1 sleep (t=1.3, df=18, p<.10). In our earlier study (Evans &
Orne, 1975), we noted significantly more stage 1 sleep in appetitive nappers
relative 10 replacement nappers. While in our current study appetitive nappers
also have more light sleep, the difference was not significant.
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the significance of it is not possible, it is not difficult to speculate on
a potential function for nappers' typical nap sleep infrastructure.

Afternoon napping in habitual nappers appears not to interfere with
subsequent nocturnal sleep quality. However, there is some evidence
that slow wave sleep (SWS) obtained during late afternoon naps (4-6 p.m.)
reduces the amount of SWS during the subsequent night's sleep (Karacan,
Williams, Finley, & Hursch, 1970). For habitual nappers, it might bo
highly adaptive to nap in such a way as not to disturb subsequent nocturnal
sleep in terms of reduced SWS or alteration of a process concomitant with
SWS, such as growth hormone release (Takahashi, 1979). Naps comprised
of fluctuations to fleeting wakefulness and light sleep would minimize the
amount of SWS. Increased light sleep would also contribute less to the
immediate post-nap performance decrement, and allow nappers to engage
in environmental monitoring to facilitate spontaneous awakening from naps
(though little is known about the awakening process). To further understand
the relevance of nap sleep infrastructure for the consequences ot napmng,
studies of nocturnal sleep before and after naps by habitual nappers and
confirmed non-nappers would have to be completed.

We have suggested that nap sleep infrastructure may have suomo
relevance for confirmed non-nappers' post-nap attitudes toward the nap.
Generally, studies of habitual nappers have not, howcver, supported the

existence of any meaningful relationship between nap sleep staging or

length, and post-nap waking function (Taub et al., 1976; Taub et al., 197u;

Taub & Tanguay, 1977). While our habitual nappers' data are consistent
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with this, we would qualify the statement by noting it i3 true as long as
one assesses mood and performance 15 minutes or more after the nap, to
avoid acute "sleep inertia" (Lubin et al., 1976).

Immediately after a nap both mood and performance are somewhat
depressed, and these post-nap decrements appear to be associated with
different aspects of nap sleep infrastructure. For example, the majority of
subjective benefits from naps were most evident 40-60 minutes post-nap
er dared to 6-10 minutes post-nap (Table 8). Similarly, post-nap reaction
“me (RT) performance was slower out of sleep than wakefulness, and the
d _.er the sleep stage, the slower the RT (Figure 7A), a result well-docu-
mented in the literature (Goodenough et al., 1965; Okuma et al., 1966
Scott & Snyder, 1968; Webb & Agnew, 1964). Most interesting, however,
was the relationship between the immediate post-nap decrement in complex
cognitive performance and TST during the naps (see Dinges et al., 19€1).
The longer the sleep the greater the immediate cognitive decrement (Figure 7B).

This is not only the first demonstration of a cognitive performance
decrement following afternoon naps, but is the first study to report a rela-
tionship between the degree of decrement and TST, rather than sleep stage
at nap termination. To our surprise, the cognitive decrement was largely

p
unaffected by either an alerting nap environment or a very loud waking bell,
and this is congruent with a conclusion from a series »f nocturnal post-
sleep decrement studies (Hartman, Storm, Vanderveen, Vanderveen, Hale

& Bollinger, 1974). Given the number of tasks that have shown post-sleep

decrements, it seems reasonable to conclude that the immediate effects of
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sleep on waking performance are negative, even if the sleep is a rela-
tively brief daytime nap by a non~sleep-deprived habitual napper in an
alerting environment,
Since the decrements appear to be partly a function of the depth
of sleep (via sleep stage or TST), it is entirely likely that they would be
even more severe following naps by sleep~deprived individuals (Naitoh,
1981), or sleep periods during the circadian trough (Fort & Mills, 1972),
or both (Naitoh, 1981). Consequently, though they are transient, they
pose a potential risk for individuals sleeping during sustained operations,
particularly if those individuals have been sleep-deprived. On the other
hand, anecdotal reports suggest that pre-sleep sests, motivational factors,
and a variety of alerting behaviors may serve to modify the decrements,
If Naitoh (1981) is correct in concluding that the decrement can last for
hours after a nap by sleep-deprived individuals (during the trough of the
circadian cyecle), then more work is clearly needed on the factors affecting
the duration, intensity, and modification of the post-nap performance
decrement.

Though functioning appears to be impaired immediately after a nap,
it is typical for performance to recover to or above pre-nap levels within
30 minutes of an afternoon nap, depending upon the task, pre~sleep con-
ditions, and the individual. Thus, the greater the post-nap cognitive
decrement we observed, the greater the subsequent improvement in perform-

Some performance, particularly RT, is reported to be significantly

ance.

above pre-nap levels following naps by non-sleep~deprived habitual nappers
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(Taub, 1977), though Bertelson (1979) could not replicate the result. In

sleep-deprived subjects nearly every type of performance affected by f‘i
sleep deprivation has been shown to improve above pre-sleep levels fol-
lowing naps (e.g., Lubin et al., 1976; Obstad et al., 1978; Haslam,
1981), though it may depend on the nap taking place outside of the cir-

! cadian trough (Naitoh, 1981).

e Similar improvements in physiological indices of uctivation have

been reported following naps by sleep-deprived (Haslam, 198'} and non-

- aitnar

. sleep-deprived subjects (Taub, 1977). Though we could not replicate

« Taub's (1977) physiological results for non-sleep~deprived habitual nap-

e

pers, this may in part have been due to methodological differences be-

tween the studies, including nap length, frequency of measurement,

G IEN
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adaptation of the subjects to the laboratory, subjects' napping expectan-

it
.z

cies, and activities intervening between the nap and measurement.

Despite the lack of consensus between laboratories in the area of post-
nap behavioral and physiological efficiency in habitual nappers, there is

full agreement that nappers report naps help them function, and the in-

i e a0, TG T A

croase in positive mood states after naps fully supports this contention.

This result alone suggests napping to be beneficial to morale and

it ¢ A €

thus an effective stimulus to positive motivations necessary to resist the

consequences of sleep loss during sustained operations. We propose
that napping in advance of accumulated sleep debt is likely to provide

the individual with greater resiliency to the effects of sleep loss, and

allow him to function more effectively over a longer period of time. The 4

2
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next study should seek to directly test whether or not a brief nap in
advance of sleep deprivation would not positively affect an individual's

L response to deprivation. This would determine the efficacy of rapping

|
|
[ { prophylactically. Following this, and to some extent regardless of the

" ; outcome, studies should be done to investigate the degree to which

{ndividuals can gain control over their sleep onset to determine if during

slack periods of quasi-~continuous work schedules they can sleep at

SR St I

will prior to the next sustained work period. Some of the data we col-

lected in the current study bears directly on the issue of control of sleep

L il il

onset.

3. The Control of Napping .

The survey data make it clear that napping is quite common among
the adult college population, with around 55% habitually napping at least

once a week, and another 29% indicating they could nap if they had the

e et 5 bl i P L KT S, b BT

time or needed the sleep. The remaining are habitual non-nappers who

either report not being abla to nap (6%) or that naps produce unpleasant
aftereffects causing them to avoid napping (8%). While the napping per-
centage is in good agreemant with other surveys of this population (Lawrence,

1971: Webb, 1975; White, 1975; Kunken, 1977), this is the only data we
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xnow of exploring the reasone why individuals do or do not nap (see also

Evans & Orne, 1975).

Daytime napping appears to be prevalent or possible in over three-

quarters of young adults, and the bulk of the napping appears to be a
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. function of normal variation in sleep/wakefulness cycles resulting from

busy and varied activity schedules. For example, replacement nappers

make up about one-third of the population, and they nap following nights

of slightly reduced nocturnal sleep due to getting up 45 minutes earlier

I

scheduling rather than to a poor night's sleep, as evidenced by replace-~

ol e

i
I
. on nap day mornings. The earlier arising time is related to activity
[ |
i

ment nappers rating themselves as having slept well on 91% of the
Fﬁ. nights before nap days, and 88% of the nights before non~-nap days.
Neither percentage indicates nocturnal sleep problems. Similarly, per-

: : sonality tests, laboratory sleep sessions, circadian curves, and sleep

il e i et el

diaries fully document that habitual nappers are normal, healthy, active

. *
‘;‘ : young adults.

¥ There is also no data to suggest that confirmed non-nappers were
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unusual other than reporting naps produced unpleasant aftereffects. How-
ever, it is noteworthy that Bertelson (1979) found that habitual non-nappers
had higher levels of negative aifect than nappers. She attributed this to

the relaxation and improved affect that comes with taking a break during

T TR

the day regardless of whether it involves sleep. Nuppers' naps provide
such a break, while non-nappers appear not to take a break either in the

form of a nap or waking bedrest. Such an explanation is not inconsistent

with the bulk of the non-nappers we surveyed indicating that they did not

have time to nap.
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*We emphasize this again lest one reach the erroneous conclusion
that habitual nappers must be suffering from excessive daytime sleepiness,
and therefore are at risk for nocturnal sleep pathologies.
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Though appetitive nappers make up only 12% of those surveyed,
they provide a dramatic contrast to habitual non-nappers by displaying
the greatest control over nap sleep onset as evidenced by their napping

an average of one out of every two days (Figure 3), Further, unlike

replacement nappers, appetitive nappers' nocturnal sleep did not predict

their daytime napping. Their non~nap days were, however, characterized

44

by extremely low deactivation-sleep ratings, particularly during the mid-

R

day period when naps would typically occur (Figure 11). Curiously,

t , this was also seen on nap DAY 3 in the laboratory, and may irdicate that

they expected not to nap in the alerting environment. Since they never-

- .

theless slept on DAY 3, it is likely this lack of sleepiness on non-nap

E days does not cause them not to nap, rather it probably reveals an expec-

Lo
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tation that a nap is either not necessary and/or not likely, but not im~
' possible.

Replacement nappers and confirmed non-nappers may have had
similar expectations about not being able to nap in the alerting environ-~
ment; however, they increased the likel.nood of overcoming these expecta-
tions by increasing their daytime sleep need through shortened nocturnal
sleep the night before (Figure 14).

The {act that both appetitive and replacement napper groups showed

a characteristic pattern of increasing sleepiness and calmness with de-
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creasing activation between noon and 4 p.m. on nap days relative to non-

nap days suggests that these pre~-nap subjective changes are probably not

related to sleep need in terms of shortened nocturnal sleep. Similar changes

were observed in the laboratory for all subjects who slept, including




non-nappers, as the nap onset time approached, such that by nap onset

activation and sleepiness ratings were significantly below the values

for the onset of wake control periads. These subjective changes,
E j together with the lower temperatures nappers had on nap days relative '
to contml days and non-nappers, reflect a pre-nap psychophysiological :

preparation on the part of nappers characterized by lowered activation. i

n The result may not be inseparable from the natural biorhythmic decline

E: |
- in activation in the early afternoon, and it is obviously not possible to ;

el

know whether it actually causes napping. Nevertheless, non-nappers

A e i

who were unable to nap in the laboratory did not show this pre-nap

o, e,

decline in activation, and they typically averaged the highest pre-nap

*
oral temperature.

Thus, an ability to prepare for a nap by lowering activation may

be a central component to being able to control nap sleep onset at a
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variety of times and in varying environments, as appetitive nappers
appear to be able to do. We suspect that the vast majority of individ-
uals, including many habitual non-nappers, possess this capacity but

do not use it often enough (i.e., nap) to make it seem voluntary. Re-
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placement napping suggests that an impetus such as slightly shortened

nocturnal sleep is necessary to permit most individuals the justification
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*Taub (1977) has noted that temperature changes across naps may
not be consistent with other psychophysiological indices of activation, and
has therefore suggested that this raises problems for activation considered
as a unitary concept. It may be that activation cannot be considered uni-
dimensional, but it is also relevant to note that temperature may be more
informative prior to naps, as a predictor of the likellhood of sleep and ite

consequences, than after naps. i
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and propensity for decreased activation that may serve to facilitate nap-
ping. However, an application of prophylactic napping to quasi-contin-
uous performance situations would seek to enhance the individual's
control over the ability to nap without an increased sleep need. Further
work i8 needed to explore the techniques that will enhance the ocontrol

of sleep onset at various times and under less than optimal circumstances.
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DIRECTIONS FOR FUTURE RESEARCH

This study has provided new !nformation on the nature, control,
and consequences of napping, and has raised a number of theoretical and
practical issues relevant to an understanding of sleep. Since we have
summarized a massive amount of data, it may be useful to review what
we have learned from the perspective of prophylactic napping and its
potential application and to discuss those issues that will need to be
addressed in future research concerned with developing ways to maintain
effective functioning during quasi-continuous operations.

The conceptual distinction we initially made between replace-
ment napping (only when tired) and appetitive napping (even when not
tired) relates to different sleep/wakefulness patterns. Napping appears
to result from a different kind of increased sleep need in each instance.
While replacement napping occurs in response to nocturnal sleep need,
appetitive napping may satisfy a biphasic sleep cycle where napping is
the second sleep phase, providing more total sleep time and a break
from prolonged wakefulness. The replacement-appetitive distinction
not only permits us to document that naps are used to supplement rela-
tively small fluctuations in the amount of nocturnal sleep, but also sug-
gests that napping may provide the necessary sleep to permit individuals
to function for prolonged periods. This raises the intriguing possibility
that the benefits of napping can be "stored” in advance of sleep loss,
that is, prophylactic napping.

While we share a profound interest with our scientific colleagues
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in the theoretical question of whether sleep can be stored (see Moses,
1978), it should be emphasized that from a pragmatic point of view our
primary aim is to apply prophylactic napping to sustained operations,
Even if it were not possible to store whatever benefits are derived from
sleep, an individual capable of utilizing a slack period for napping

would enter into a period of continuous performance having slept far more

\

|

L’ recently than other personnel who had remained awake throughout. Thus,

. at the very least, the amount of wakefulness prior to prolonged sleep
deprivation would have been reduced. The utilization of slack periods

during quasi~-continuous performance would tend to further limit the

o accumulation of sleep debt.
L_. One of the major limitations on the deployment of prophiylactic

napping is the period of time following sleep that an individual is unable

to function effectively. Our data clearly show that the immediate post-

i sl T, il

nap decrement in simple reaction time performance is related to the stage
of sleep upon awakening, but the decrement in complex cognitive perform-
ance (which i8 of far greater importance) is related to the total time in
deep (non-REM) sleep during naps. The performance decrement may per-

sist for a considerable period of time, Research is needed to determine

what if any procedures can minimize the duration of time performance is
impaired following a nap. Enough is known, however, to suggest that i{n

sleep-deprived individuals napping will result in a more profound and

e ms o e D e i

longer post-sleep performance decrement than seen in individuals who

nap without prior sleep loss.
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In considering continuous operations, the choice is not whether
perscnnel will nap, but rather whether this will ocour at optimal times
under the control of the individual, before he is sleep~deprived, or
| whether it wil! ocour largely involuntarily in a sleep~deprived individual

whose performance is already impaired. Since it appears that the time

of day aelected for a nap is of crucial importance for its effectivencss

in maintaining functioning (see Naitoh, 1981), prophylactic napping

undertaken voluntarily by trained personnel will be far more effective !

._-r! _ -.'.-.2

, and lead to considerably shorter periods of vulnerability than sleep that
otherwise typically overtakes personnel at the circadian trough when i
they are least likely to benefit from a nap. The essential components
to prophylactic napping would appear to be utilizing available sleep

opportunities sarly on, at the appropriate times of the circadian cycle -~

prior to the accumulation of sleep debt. y

Our data indicate that some 55% of the young adult population !

nap habitually and at least another 30% have napped in the past and
report that they would be capable of napping if it were necessary or 7.'
desirable to do so. Since soldiers seeking to practice prophylactic nap-
ping would not be sleep-deprived, would be in a stress situation, and

lack desirehle sleep opportunities, even habitual nappers would probably

find it difficult to achieve sleep without some specific sleep discipline

training. Our work suggests that such training should be possible and

relativaly easy for a very large majority of the population. In addition

to individuals learning the skill of ccatrolling sleep onset, it is equally

:
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important to consider some of the social psychological procedures that
wculd make napping an acceptable activity for military personnel. This

is true not only for enlisted personnel but probably even more important

for both junior and senicr officurs.

The current research further supports our view that the systematic
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use of napping during slack periods of sustained operations -~ for the

o e

l N
L ? purpose of facilitating continued eftective functioning -- seems to be a
]

oy practical way to prevent the debilitating effects of sleep loss on personncl.

Future research will be directed toward a test of the value of a nap in

advance of sleep loss, and to the study of factors that will enhance indi~

RGN TR . N

o viduais' control over sleep onset as well as sleep offset.
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Unit for Experimental Psychiatry A-1.
The Institute of Pennsylvania UEP:728S8SP
Hospital APPENDIX 1

© by Frederick J, Evans, 1973
Survey of Subjective Sleep Patterns

Name: Date / YA
firct midcle last

Date of Birth: Sex: Class:

j

|

|

,k : Address: Phone:

. ;
# Pcople vary greatly in their patterns of sleep and in their preferred times %
for slceping. Wa are interested in obtaining data on various patterns of night- ;
time sleep sad also on the frequency of ability to sleep during the day time, We
would very much apgreciate your cooperation in giving us information on how
you sleep, when you sleep, and how deeply you sleep, by filling in this
questionnaire., 1

Please answer each question by checking the appropriate description of ;
- the frequency of occurrence or by filling in the blanks on the questions which i
. have them. There is room for general comments at the end of the questionnaire. '

Please answer every question,

1. How many hours of sleep did you have last night? e

2. During the past year, how many hours of sleep have you

regularly had ? e e
3. How many hours of sleep would you like to have each night? — 1
4, How many hours of sleep do you feel you need each night? e 5
5. Do you sleep as deeply a3 you would like? Yes No %

e

6. Vhen you first wake up, do youtypically feel slow and lethargic? (Yes

No ) ordo you typically feelrefreshed andreadytogo? (Yes No )
7. Did you slcep well last night? Yes __ No
8. Do you usually sleep well? Yes No

9. Could you go to sleep now if you had the time? Yes No

R e kA 2] et e, 5 e P2
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10. Sometimes what people do before falling asleep influences how well they
sleep. Some people count sheep, others unwind by reading a science
fiction novel before turning off the light, Some people like a hot drink,
but this would be considered most undesirable by others, While many
of us brush our teeth before retiring, others may look under the bed.

Describe briefly those activities you typically complete before falling asleep
which you feel help you to sleep well._ ..

11, People describe many personal preferences about the conditions under which
they sleep best (e.g., some people cannot sleep with a fan blowing on
them, others fesl they cannot sleep unless they are close to an open

WlMOW) "

List as specifically as you can three special conditions which are most
likely to help you sleep well:

l. 4. 3.

- ae

List three conditions you sometimes encounter under which you have a great

deal of difficulty sleeping well:

11 ,20 . - ——3‘

! Last night Usually

12, Indicate the appropriate times when: Hour {am/pm { Hour jam/pm
a. You felt very sleepy
beve oo .-.............-..{L._........ PN
b. You went to bed
| , i
| c. You fell asleep ‘ ‘
i et e o
d. You woke up during the night 1 - -l
b
e, You woke up in the morning f J_ W ',
‘,.,._......;....,.. - - .1}. . .3
f. You got out of bed i i | |

1 e el

e Rl

i:
|
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| Some-
Always | Usually|times |Rarely| Never

Lo 13. Do vou fall asleep:

a, On long car trips

b, Whlile reading a book

I
;
Lo ¢. While studying

d. During a play, at the theater

e, On plane or train trips

..

D f, While watching a movie

¢. Durlng lectures and speeches

e X s e Wi

h. At times of stress

- b bt

L {. While watching TV

! ]1 j. After a particularly good ineal

ki 14, Do you sometimes feel that you
A, have slept too long ?

it S s

15, Do you sometimes feel that you
have not slept long enough?

16. Do you walk {n your sleep?

17, Do you talk in your sleep?

18, Do you find sleep satisfying? _

et R
19. Do you have difficulty falling
asleep at night?

L Y it L TR s

20, Are you a deep sleeper?

21, Do you wake up during the night?

22, Do you fall asleep readily?

23. Do you take catnaps during the
day?

B e i
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INSTRUCTIONS FOR PART il

The last question you answered read:
23. Do you take catnaps during the day?

Your answer to this question was! Always
Usually
Sometimes
Rare.v
Never

Like so many other things, some people nap regularly, and others
never take naps, while most people fall somawhere in between--napping on
occaslons depehding on a variety of circumstances. We are interested in
studying some of the reasons why some people nap, but others do not, and
what are some of the characteristics which account for whether people nap.
The next part of this questionnaire is divided into two sealed sections, one
colored green, on pages 5 ~ 7, and one colored blue, on pages 8 - 11. You
should complete only one of the two sevilons, depending on your answer to
question 23 regarding napping.

(a) IF you answered question 23 either Rargly or Never (indicating
that you rarely or never take catnaps), you should turn to the green Section Il
on the next page (page 5), break the seal, and complete it. Do pot complete
the blue section beginning on page 8, and please do not break the seal on
the blue section, The information you are providing, together with what you
have already provided, {s extremely important because it will be possible
to determine whether there are differences in the patterns of sleep of those
who rarely or never nap compared to those who do nap on at least some
occasions.

(b) IF you answered question 23 either Always, Usually or Scme-
times, indicating that you catnap at least sometimes, you should turn to the
blue Section IIl on page 8, break the seal, and complete it. Do not complete
the green section on page 5, and please do not break the seal on the green
Section II (pp. 5 - 7). By answering the following questions, we will learn
a great deal more about the charactaristics of napping.

In summary, on the basis of your answer to question 23 about how
often you nap, determine whether you should complete Section II (green) or
Section III (blue). Complete the appropriate section, breaking only its seal.
DO NOT break the seal of the section you do not have to complete.
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Break the seal and continue only if you answered Question 23 }
J
either “Rarely" or "Never" (indicating you tend nQt to take catnaps).
Otherwise, if you do catnap, turn to the blue section {(page 8).
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Section 11

1 Listed below are several reasons why & person may rarely or never nap.
Plaage check each reason on the five point scale: S indicating the reason
quite dafinitely applies to you; 1 indicating the reason is largely irrelevant.

Definitely Irrelevant
Applies

5 4 3 2 1
a. Notime avallabla .., ........ciceevruen :

b, Napping is an unplessant cxperiance ,....

e, Idonothava any nesd O HAP .. ..o reres

J. Nappinyg interierss with my wosk {(studying)

e. Napping interferes with my leisure
entertalnmeant ... ... .. it enrivenenin

f. I would not be able to fall aszleep . . ....

LRI

g. I would not fea! any better after napotng ...

h. I would not feel any less tired after napping

i. I{Inapped, I would not he able to sieep
well at night

98 8 K @S E P YRS T el

j. I aliready get snough slewp, so do not
Need tO NMAD curverrrsvanevonanasesasassaa

k. Napping produces unpleasan® physical
aftereffecte . ......ccnovtnncnenirnrsuaes

1.  Napping produces unpleasant mantal
niteraffects ...... i 00 irnnaianer s

m. Resting without falling anleep 18 more
benefictial ... ,.

CBE R O B R B B R N R Y A N A

n. Napplng is a sign of laginass . ..........

o. QOther reassns (3pacify)

— e et

2. Which, in order of importanca, of the above reasons, sre your main reasons
for not napping? 1 o 3
Which of the above reasons &re least {mportant? |
2 K]

e a4 s — e 1 o
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3. Was there a period of time when you did take naps at least somatimes ?
Yea No When ?

-

4. H

pm

a. What time of the day do you usually fuel most alert and awake ?

b. What time of the day do you usually feel most tired and sleepy ?

c. What time cf the day do you feel you work most efficiently ?

d. What tima of the 24 hour day wouM you most prefer to go to
sleep?

5. Uider what ideal conditions would you be most likely to nap?

L_——.JL—_—JL - G

6. What do you think are the main differances between naps and regular sleep?

7. In what other ways do you think a person who regularly naps might differ
fiom a person who never naps?

8. In our attempts to axplore the characteristics of napping and nonnapping
behuvior, we have undoubtedly failed to mention several aspects of
your own behavior and thougi.s about ths topic. Any other comments
that you feel might be relevant would be extremely valuable to us.

S e e L e e ——— e e e e
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- Break the seal and vontinue gply if you answered Question 23 |

either "Always, " "Usually” or "Sometimes " (invicating you do take

catnaps on at least some occasions).

e

e ety 2
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Section II1
i. How often do you take naps? ' I par month or
2. When did you last nap? | Day | Time from:

3. What time of the day do you prefer t0 nap?

4. What time of the day do you least like to nap?

S. What time of the day do you feal most tired and sleepy? ;
]

6. What time of the day do you fesl most aleit and awake?

7. What time of the day do you feel you work most efficiently ? J 1

Hes) Min,

8. How long would the ideal nap last for you?

9. What is the longest period of time you nap?

PR R X P

. ‘ 10. What is the shortest period of time you nap?

11. When napping, how long does it take to fall asleep?

12. When you do nap, how long does it typically last? ;

13. How long after you awaken in the morning doet it take ‘ ‘ ]
bafore you are ready to take a nap?

14. How long before you plan to go to bed for ths night would
be the minimum time you would plan got tv take & nap?

15. Check which of the following alternatives you think you
would prefer:

i. A regular(8 hours or 8so) continuous night's sleep

ii. Several short naps throughout the 24 hour day -
when you felt tired. -

:
! -y et . . L N - - e it - e - e v - . - we— .
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16. Could you fall aslaep and nap every
day if you had the time?

17. Would you iike to be ahle tc nap
raqularly in the daytime?

18, Do you find that naps are generally
very satisfying?

19. Do most of your naps occur "acci~
dentally” or involuntarily (e.g.,
while reading, watching TV, etc)?

20. Do you voluntarily like to nap when
you have the tima?

21, Would you like to have the chance
to riap more often than you do?

22, Do you awaken from a nap fesling
more weary and tired than when
you fell asleep?

23, Does napping improve your ability
to work (at a task, study, etc.)
when you awaken?

24. Does napping improve your ability
to concentrate after you awaken?

25. Are you less liksly to nap if you
got a requiar night's sleep the
previous night?

26, Is a nap more satisfying if you re-
ceived lass than a ragular
night's sleep the night before?

27. Do you nap even when you do not
feel very tired?

28. Could you nap almost any *ime
during daytime houra?

A‘-‘loﬂ.
Defi~ | Pos- | Pos- | Defi~
nitely | sibly | sibly | nitely
YES YES NO NO
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] 29. What are the conditions under which you are most likely to nap?

30. Do you sometimes feel that a nap was not very refrashing, and that
perhaps you wish you had not napped ? If Yos, what is
it about the circumstances that leads you to think so; why do you
think some naps are like this?

31. What do you find are the main differences betwsen reqular slesp |
and naps? ‘ 3

32. In our attempts to explore the nature of napping, we have undoubtedly
failled to mention several aspects ~% your own napping behavior. i
Any other comments that are relevant to naps that you take would |
be extremely valuable for us.

R Y+ i g«
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Unit for Experimental Psychiatry A-12
The Institute of Pennsylvania *
Hospital APPENDIX II UEP:2~-NONS=-78/79
© by Emily Carota Orne, 1978
atterns o e estionnaire
[o) : Sle fary ++
) a
! Name: Day:
, First Middle Last
R
L Date; / / Time of Day:

i hour a.m.orp.m.?
!

Instructions:

People vary greatly in their patterns of sleep and in their preferred
times for sleeping. We are interested in obtaining data on various patterns
‘ of nighttime sleep and also on the frequency of the ability to sleep during the
! daytime. You have previously completed a questionnaire regarding your
&_ general sleep patterns and we would very much appreciate your cooperation
, in giving us further information regarding how you slept last night by filling
* in this questionnaire,

L : For consistency of the duta it would be helpful if you could complete !
the diary as soon after gettirg up in the morning as possible. Most people

find that keeping the sleep diary on a small table or chair close to the bed

aids in reminding them to answer the sleep diary questions upon arising for

the day. .

Please answer ¢ach question by checking the appropriate description
of the frequency of occurrence or by filling in the blanks on the questions
which have them. There is room for general comments near the end of the
questionnaire. Please answer every question,

e

DTN

1. How sleepy are you now?

R T o e

very sleepy drowsy normally tired for this time of day

in a2 normal wake state wide awake, too awake to sleep by

2. Did you sleep well last night? 'u_

3. How deeply did you sleep last night?

very lightly; very deeply; [
as lightly as , | L b | N L i , as deeply as H
[ have ever ) 2 3 4 5 6 7 8 9 10 I have ever :

slept. slept.




p—

9.

10.

14.

15a,

16.

HML&%@.“«-’:‘-W e e

A - 13 .
e UEP:2-NONS-78/79

What time did you wake up this morning ?

hour a.m.orp.a.?

How did you awaken this morning ?
{Ospontaneously [Jalamm clock [Jfriend [Jtelephone [Jother,
specify

What time did you get up this moming ?

hour a.m.orp.m.?

What time did you get into bed last night?

hour am,orp.m,?

When you got into bed last night, did you read or watch television, etc.,
before "shutting off the light" and attempting to go to sleep? |_jYes [_[No

After you "shut off the light," what time did you start to try to go to sleep?

hour a.m,orp.m.?

Approximately what time did you go to sleep?

hour a.m,orp.m.?

About how long did it take you to fall asleep last night?

hours minutes
Did you wake up during the night? Yes No
If yes, how many times ?
Roughly how long each time? —
hours minutes hours minutes
Did you get up during the night? Yes l-j No
1f yes, how many times?
Approximately how long each time?
hours minutes hours minutes
How many hours did you sleep last night?
hours minutes
Did you dream last night? Yes No

1f so, do you recall the'qeneral content of any of the dreams ?

Yes No

Have you taken any medications in the past 24 hours (e.g., No-Doz,
Darvon, aspirin, cold pills, penicillin, codeine, hayfever pills, etc.)?

Please list:

|
.
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17. How many hours did you spend outdoors yesterday ?
hours minutes ‘;
18a, Did you perform any regular phyaical exercise for 30 minutes or more '
yesterday ? [:__JYn r_j No .
b. 1f yes, please describe briefly: I
B Time of day: from __ - - to :
- hour a.m, or p.m.? hour a.m. . p.m.? |
19a, Did you perform any special, or any more than usual, physical exercise
| yesterday -- even if only for a short time ? |“|Yn 3——|No- -
! b. 1f yes, please describe briefly;
F‘f Time of day: {rom _ to
. hour a.m.orp.m.? hour a.m.orp.m.? i
|
20a. Did you concentrate especially hard, or more than usual, on any special i
' task yesterday? m\'es No |
' b. If yes, please describe the task briefly: l
Time of day: from to .
houwr a.m.orp.m.? hour a&.m. or p.m.?
i
- 2la, When yestarday did you feel most tired ?
igq hour a.m.orp.m.?
F:' b. How long did the tiredness last?
™ hours minutes
' c. Taking yesterday niorning, afternoon and evening geparately, please
indicate at approximately what time you felt tiredest, and how long the
tiredness lasted.
Morning Afternoon Evening !
from__ ; to___ from___; to___; from ___; to___¢ ‘
not tired at anD not tired at all r—i not tired at aul':__l l

22a. At any time yesterday did you have the impression that you were ”ﬂqhtt_nq !
off" sleep or that your eyes kept closing “against your wm"7| .|Yes [_ |Nc~ '

b. If yes, approximately when?

hour a.m. o p.m,?

23a. At any time yesteriay, were you ever so tired that you had difficulty con-

centrating on a task which you were trying to accomplish? l"-—]Yu I I-'No
b. If yes, from___; to___3

am.orp.m,?
Please describe briefly the task: ‘
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24a. Did you take any naps yesterday? [--] Yes _aNo
b, 1f yes, how many? _-

to ¢

am,orp.m.? am,orp.m.?
to H

am,orp.m.? am,orp.m.?

¢. How long? from

pe

from

d. How did you feel when you got up?
e. Was the nap a good one? LJYn '___‘No
f. Did you feel refreshed after the nap? DYu |—']No

R e

g. How did you awaken from the nap yesterday ?

ff

|

|

#_- |")spontaneously (“jalamm clock (Jfriend | ltelephone [_jother,
- spacify

h. 1 napped yesterday . . . |_-_| lying down Dslttinq up

25. During what time period yesterday did you feel the most awake?
from H to $

am.orp.m,?
26. Approximately how many hours yesterday were you

in classes studying at work
# hours # hours # hours

other tasks or activities requiring concentration
please specify briefly # hours

s bkl et B B 9 i " Tttt | 2 e AN e

27a. What was the most important task you accomplished yesterday? _______

SO b W T et Dt

b. Between what times was this task accomplished?

from____ . to H
am.orp.m.? a.m,.orp.m.?

28. Additional comments regarding your sleep last night or about your
wakefulness or drowsiness yesterday:

ke et

e A 2

29. How many cups of coifee or tea did you havs yesterday?

30. How many cups of coffee or tea have you had during the past 3 hours ?

31. How sleepy are you right now?

wide aweke; the need for
absolutelyno ., . ., , |, , , , 4 , slespisover-
desire to 1 2 3 4 5 6 7 8 9 10whelning; sleep
sleep or rest is unavoidable

I O il UL 3 3 B oot

32, Could you go to sleep now if you had the time? |—_| Yes |—-|No
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Unit for Experimental Psychiatry
The Institute of Pennsylvania
Hospital APPENDIX III

© by Emily Carota Orne, 1978
references for a round nds or Silence

ETT R

Name: Date:
first middle last

Please check the appropriate box that applies to you for each question.

ALWAYS | USUALLY [SOMETIMES | RARELY | NEVER

e ot R T S e L

a record player on?

.. GCap you study with the radio or
a record player on?

TR

|

|

|

|

}

F: 1. Do you study with the radio or
|

f

3. Do you prefer to study with onl.y
one light on in the room and all
the others off?

l 4. 1f you have something important
" to concentrate on, do you prefer
a completely quiet room in
which to work ?

5. gCan you concentrate on some~
thing important with a conversa=-
tion in the background?

6. Do you prefer to go to sleep with
music playing at a low level?

7. Can you go to sleep with music
playing at a low level?

%, When you decide to go to sleep,
do you insist on quiet
surroundings ?

). 1f familiar sounds occur during
your sleep time~-guch as a
regular elevated train going by
your window or other students
talking outside your dormitory
or apartment-=-are you able o
slecp through these occurrences?
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ALWAYS | USUALLY|SOMETIMES | RARELY | NEVER

10, Do you study with the
television on?

11. Can you read a textbook while !
the television is on?

rr e e b TR T

12, Can you read a novel while
the television is on?

13. In order to go to sleep or nap,
do you prefer to put the
television or radio on before
doing so?

IORRNGPRIS DRI S

14. gan you go to sleep or take a
nap in a movie (or play or
concert) which perhaps does
not interest you (but where
you can't yet leave)?

! 15, Do you find it easier to study
! with someone else around ?

16. 1f you have work te do, do you
work better with sounds in tue
background ?

17. For what kinds of work do you prefer complete quiet?

18. For what kinds of work do ycu prefer some background sounds ?

19, What types of background goyndg, if any, are for you conducive to working ?
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20, Comments with regard to your own fealings about background sounds during sleep:

21, Comments with regard to your own feelings about background sounds during

times you are working:
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