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Abstract

Background.

One of the striking regularities of human behaviour is that a prolonged physical, cognitive or emotional
activity leads to feelings of fatigud=atiguecould be due tof1) depletion of a finite resource of physical
and/or psychological energy or (2) clgas in motivation, attention, and gahitected effort (e.qg.

mativational control theory).

Purpose.To contrast predictions from these twigwsin areaktime study of sbjective fatigue imurses
while working

Methods. 100 nurses proviet 1453 assssments over two dour shifts Nurses rated fatigue, demand,
control, and reward every 90 minutézhysical @ergy expenditure was measured objectively using
Actiheart.Hypotheses were testeding multilevel modelto predict fatigue from a) the acculated values
of physicalenergy expended, demand, control and reward over the shift and b) from distributed lag models
of the same variables over the previous 90 minutes.

ResultsVirtually all participants showed increasing fatigue over the work péFiud.increase was slightly
greater when working overnightatigue was not dependent pimysicalenergy expended nor perceived
work demands. However,\itas related to perceived control ovesrk and perceived reward associated
with work.

Conclusions.Findings providdittle supportfor aresourcedepletion modelhowever, the finding that

control and reward both predictéatigueis consistent with a motivational account of fatigue.

Key works: fatigue, ecological momentary assessment, control,dexeanurce depletiomotivation



One of the striking regularities of human behaviour is that a prolonged period of demanding
physical, cognitive or emotional activity leads to feelings of fatigue. This phenomenon is mundan
universally accepte@dndcentralto some current models of fatigul 2) but often unremarked. Indeed
Hockey (3, in the most comprehensive review of fatigue published for many decales that he will
“not review the evidence on sdirdrtjor indreasing with tame ong u e
task”(p. 58). Fatigue (and time on task) reliahb
ranging from the classic early studies of complex mental arithn®t#){o more recent studies using
computerisedasks and simulated office work, (6, see2 for a review) and to increases in the likelihood of
accidents and errors at work g).

As Hockey (2 discusses at lengtfatigueis challenging to defineMost agree that fatigue relates to
adeterioration of some aspect of behaviour with some emphatiigpgrformance decremenBartlett,
1953quoted by HockeyR), and othershe subjective or mentaxperience of fatigu€). In this paper we

focus on subjective fatigue whichtypicallyc har act eri sed by subjective
disinclination towards activity9], although most studies of subjective fatiguneluding this ongfocuson
tirednesgelated moods. For exampldockeyand Earle %) obtained selfatings é“ fiaggued ” , “ t i
(not)* al e r(hot)* e mer,gnel HulsbhegerlQ) used four fatigugems fromthe Profile of Mood
Stateq11):“ f at i gued” , “t i r ed”Weare explibity examirend dcuteasnhgjectiVes p e n
fatigue that we anticipate will increasever the work period.

Fatigue occurs frequently in the workplace setting with between 23% and 40% of wagkad) (
reporting high levels of fatigue in the previous 2 weeks. In the health care professions, fatigue thémgher
in the general population and varies between the different occupational groups with nurses and doctors
having higher levels of fatigue than health service managers and administrative4stai{rses exhibit
moderately high levels of both chror@nd acute fatigue, and poor recovery between siftsl ).

There are few redaime, rather than retrospective, studies of fatigue in the workplace. Hulsheger

(10) examined subjective fatigue in a convenience sample over 5 working days. Fatigue distgtdise

during the morning then increased throughout the remainder of the day. When researchers have attempte



track fatigue in real time, the evidence for theoretical determinants of fatigue has been unclear. While
workloads were related to fatigirenaval crewg17), work demands were not relatedatigue in a study
of nurses (18

There are essentially two types of explanatiomfimmal (i.e.non-clinical) fatigue One view
emphasises the depletion of a finite resource of physical and/or psychological energy needed to maintain
performanceX9) while the other focuses on progressive reductions in motivation associated with emotion,
goals, rewards and effdi2). The pesent paper contrasts predictions from these opposing theoretical views
in real time in a sample of 100 nurses as they become fatigued over the cawsgahour shifs. This is
not simply of theoretical importance. It also has practical significasdatigue within healthcare staff is
associated with errors and accidents which may threaten patient and staff@afety (

Theview that resources become depleted over time is represented in the current psychological
|l iterature by B arntheery ofseleontrolgl9).eNgneerous stpdie®() appear to
demonstrate that expending cognitive effort on tasks involvingeealfol, such as choosing to consuane
lesspreferred but healthier food optio21] leads to poorer performance on subsequent tasks, such as
endurance on a hand grip task or persistence on an impossible pseamy task. The ego depletion
hypothesis is attractiveut theactual evidence base for depletion efféis been increagily challenged
especially by aecent series of metnalyses4?2) and a substantial registered replication re@s} (wvhich
failed to find depletion effectsHowever, n the context of fatigue, the explanatory models go beyond ego
depletion effects oself-control and refensteacdto the impact of a wider rangé moregeneral
psychological and physical energy resources on subjective experience of fatigue.

Motivational views of fatigue are widely helBerhapshe most consistent modern proponieas
beenHockey who, in a series of papers over two decades, proposes a complex model sulbjbicive
fatigue is part of a control mechanism that monitors and controls the effort putintotask (I n Ho c k
motivational control theory of fatigue,s peopl e expend effort on task
work), increasing feelings of mental fatigue prompt a-bestefit analysis where eitha) continued effort

on the current task persists, as it is deemed worthwhile given expectatapmabriate reward or negative



conseqguences of not continuing, by éffort and attention is diverted elsewhere (goals are altered) towards
tasks with greater utility (more benefits, less costs). Related motivational models have been proposed by
Inzlicht et al. @4) andKurzban, Duckworth, Kable& Myers(25). The main contrast between the two types
of explanation of fatigue ighat theresource radels explain fatigue in tens ofreduction inthe availahlity

of (psychological and physicai@sources, while motivational modeifsfatigueposit thatchanges in

motivation alter the deployment of available resources.

Distinguishing between the resource and motivational theories of fatigue is vital both scientifically
and in terms of applicativas the two views have very different implications for intervention. For example,
while a resource model might suggest that rest would restore resources and therefore reduce fatigue, a
motivational model would suggest that increasigard(to increasenotivation) would likely be a more
effective way to reduce the effects of fatigper 1 ncr easi ng t he wor keallows c «
themmore flexibility to shift attentiorand effortto more rewarding aspects of the work when experiencing
fatigue. Across both resourckepletion and motivational accounts of fatigue, theories of work and coping
would propose that demamatideffort may increase fatigue. For example, a depletion account would predict
that as effort increases, fatigue willalsocineas e as resources bg2ome dep
motivational model woul@dlsopropose that continuous effort increases fatigutdoy reducing motivation
for the current goal and directing attention and efforts toward a different goal. Haweweork context,
the worker often does not have the option of diverting effort to a different goal other than by withdrawing
from work. One might expegdf the motivational account is correthat perceived rewards or feelings of
control would mitigatehe effects of continuous effort and result in less fatiGyecontrast, neither control
nor reward should affect resource availability directly, so, within a finite resource model, these cognitions

should have little effect on fatigue

In the presenpaper we test these opposing predictions in ati@al study of fatigue and its possible
determinants in a dataset derived from 100 nurses delivering health care over the dowgr4de diour
shifts.Nursing is an occupation where shifts are long, wedomplex,psychologically and physically

demanding and whemgptimal performance is importar@onsequentlyt providesanideal setting in which



to empirically contrast different models of fatigdderesource modes tested byexamining the effects of
objectively measurephysicalenergy expenditurand perceiveavork demandan fatigue Evidence that
bears more clearly ahe motivationamodelis obtained byexamining thepredictiveeffectsof perceived
rewardand control orfatigue.

We examine the changes in fatigue over time to confirm that fatigue increases over the work perioc
but additionally we examine whether that is true for all, or even most, individuals. We then examine the
following research questions based omdbminant modelsf fatigue, a finiteresource modeinda

motivational model

To test the finite resource modealgective fatigue in nurses over the work shift will be prediétech
1. Physical eergy expendeda resource model would predict thaidae should increase as the
amount of physical effort expended increases
2. Perceived work demané resource model would predict that fatigue should increase as

perceived demands increase.

To investigate the motivational model, subjective fatigueurses over the work shift will be predicted
from;
3. Perceived reward: a motivational model would predict that fatigue should decrease as perceive
rewards increase
4. Perceived control over work: a motivational model would predict that fatigue should deaseas

freedomto pursue alternative goals increases

Method



A full protocol for the study methods has been published previoR€)ya(d a test of models of
occupational stress reported in a later pap8)x. The study was approved by NHS North of Soud
Research Ethics Committee (10/S0801/87) in January @0ddata collected betweeseptember 2011 and

January 2013

Study overview.Nursesfrom medical and surgical wards completed initial questionnaires and wore
an activity and heart rate monitorassesghysicalenergy expenditure for the duration of their participation
in the study. They completed reahe ecological momentary assessmeif)(itemsassessing fatigue and
hypothesised determinants using electronic diaries every 90 minutes overtwariforking shifts
While 28 of thenurses provided consecutive shifts, the tmeveen shiftyariedby up to 54 daysEighty

one of the nursawereassessednly on day shifts, 19 nigtshiftsonly, and 10 both day anught.

We examined the course of fatigue over the working day and the generality of these effects within
and between peoplas well as the determinants of fatiglradividuals may bdatigued both because of the
immediately preceding activities and because of the fuldf effects due to activity sustained over some
time, perhaps the whole working day if there has been little opportunity for rest and recovery. However, as
cumulativeeffects may be dissipated by rdsdth immediate and cumulative approaches are required. It is
therefore necessary to examine beffiects:first by accumulating the putative determinants of fatigue (i.e.,
physicalenergy expended, demand, rewand contol) over the workperiod andsecond byexamining the
effects of the immediately preceding period of assessment in what is called a distributeddab&§.
Thedistributed laggedhodels are dynamic and calhow for restorative processes but are teali in the
time sparthey candeal with(approximately 90 minutes prior to the current assessment of fatidiois

study).

Participants and Recruitment

All qualified nurses on medical and surgical wandth at least 20 nursed a large UK teaching

hospital were eligible to participated were recruited via advertisements posted on ward noticebAards.



maximumof 10 nurses peward were recruited to ensuadequate coveragd wards. The total number of
nurses on the recruiting wards was 425 ofolvhwe recruited 100, as required by a power anatiyssted

at our primaryresearclguestions concerniripe stress associated with specific nursasiks(see study

protocol, (26)) Nurses who expressed an interest in participating received an information pack and those
who chose to participate returned a signed consent form. Nurses received a £25 voucher for a major store

completion of the study.

Measures

PhysicalEnergy Expenditure (measured continuouslhyarticipants wore ambulatory heart rate
and activity monitors (Actiheart, Camntech Ltd, Cambridge, UK) throughout 2 $PifgsicalEnergy
expenditure was calculated from combined heart rate and activity data from a chesthuoiexial
accelerometer usingublishedequationg29). This provides a validnd widelyused measure ghysical
energyexpendituravhich several studieBave successfully validated against indirect calorimetry
laboratory(30) and field(31) settings. Actiheart software operates ors&bond epochs with artefacts
detected in a standard mudtiage proces8®) as follows. First individual heart beats of exactly 2000ms (the
longest intetbeat interval stored and indicating a missed beat)egeeted, as are beats that differ from the
preceding beat by more than 20 times the average difference in the epoch. The last 16 goeatinter
intervals are then averaged and any that are outsi@®% of this average are removed and the remaining
inter-beat intervals raveraged and converted to beats per minute. In additiorpahidte means below 40
bpm or above 170bpm were excluded. The data were of high quality and only 0.04#tnoftd means

were rejected.

Fatigue and Perceptions of Work(EMA measurstakenrepeatedly in real timeMeasure®f
fatigueand perceptions of work (demamdntrol andeward) were completed on an electronic diary using
PDAs (Dell Axim 51, Round Rock, TX, USAvery 90 minuteon averaggeover 2 shifts. [Full details of
the measures with screen grabs of the diary are availableanlthe supplementary materigTl'hediary

measuresvere developed and deliverading Pocketnterviewsoftware 83). Data entry was prompted by
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an audible &rm that sounded for 8 seconds approximately every 90 minutes during the shift (with a
window of +£ 15 minutes determined randomly). If a participant did not respond within 2 minutes the alarn
sounded again and this continued for a maximum of 10 cy€lé® participant did not respond then the
device closed down untihen e xt schedul ed alarm occurred. The

alarm for up to 60 minutes if it occurred at a time when it was not possible to make a diary entry.

Fatigue. Fourhigh loadingitems from theenergetic arousal scale of ti®VIST mood scale34)
weresummedo assesfatigue (alert, energetitoth reverse scored)ted, sluggish These factor
analytically derived items (34) are similar to those useaxther measures of subjective fatiguel8) that

have been shown twave convergerdnd divergent validity Participantgated fatiguatems “ n o w on

vi sual analogue scales |l abelled ‘no t mue' Thee s S
between and within person reliabilities were calculated using established proc88urékd between
person reliability was calculated as the average over the 2 shifts. The reliabilitiestodkisvere:

betwea 0.98, within0.65which areconsidered satisfactory for this type of measurengs)t (

Perceptions of work: demand, control and reward wereeachassessed using analogue scéies-
yes scoredn the same wags the fatigugemsand for demand and contrdbinary items based on
standard questionnaire measui®d.( The different type of scales were used to reduce common method
variance. The five binary items assessing demand asked patrticipants to rate the extent to which; they had

L

“wor k,"wask” ioamad” much?” , “were interrupted” and

“

t asksthreecdoher ol items asked whether wor k requir
all owed a |l ot of say in what theiysidonms ,alodt wwh
Reward was assessed by one analogue gral& hasbeen rewardingno-yes)and three binary ones

reflecting the extent to which work was perceived té\aued, “appreciatetland“respected In all cases
higher scores indated greater demand, control éfbe analogue items werescored from O to 1 to give

them comparable weight to the binary itenitems were summed within categoriéhe reliabilities were:

demandbetweer.96,within 0.77; control: between 0.88, withind5 and rewardyetween 0.94, within
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0.85. Control, within person, wesssreliablethan the othemeasuresExamination of the inteitem
correlati ons i nwbikceguireeachightldvel of ski hewa s eme ati vel y <c
other control items between people and uncorrelated with the other control items within Pleeslill

item wasremowed,andthe withinperson reliabilitywas slightly improved to 0.50.

Procedure

A member of the research team met the participating nurse on the ward before the start of each
shift (i.e., at eithe7 am or 7 pmand equipped them with the Actiheart device using Ambu Blue S&sor
electrodes, following the pcedures recommended the manufacturer$32). In advancehenurses were
given a training booklet explaining how thewre tocategorise nursing tasks édedataarenotreported
here)and trainedmmediately beforéhe firstsessioron completon ofthe electronic diary They were then
given a preprogrammed electronic diary, completed the rest of their shift as usual (making diary entries

when prompted to do so) and were met by the researcher at the shift end for equipment retrieval.

Statistical Analyses

Data scoring. Before integrating thphysical energgata over time to achieve a score of
accumulategbhysicalenergy expended, all missing values were replaced by the average value for that shift
This simple procedure was used as missing values were rare (onlyfXB8®wer 1.2 million measures of
physicalenergy expended) aqhysicalenergy expended did not vary systematically over the shift. The
physicalenergy expended was accumulated on a minute by minute basis. The minute values were
accumulated up to that mment to give accumulatgahysicalenergy expenditure. The current value of
physicalenergyexpendedvas taken as the average since the last diary entry. Perceptions of work (demand
control, reward) were also scored to give current response and accumudalietbrs Missing values were

rare (1.5% and are dealt with bthe maximum likelihood methodssed in multilevel modelling
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Fatigue over time. All analyses were based on a 2 level model nesting observations over time
within participants. The changes in fatigue over time were tested in a model with intercefirsthoit
second), day versus night shifmeinto shiftand the interaction dfime with dayversus nighshift. The
intercept was allowed to vary at all levels, shift was fiaed the model allowed the time effeddy versus

night and thenteraction tovary at the person level.

Predicting fatigue from accumulated determinants.The effects of the accumulated
determinants were tested in de2el model nesting observations over time within participants. The model
consisted of fatigue as the dependent variable and the predictors being the intercept, siftptthree
shift), and the accumulated value of the predictor at that time. Time was included in the model since fatigu
increases over time and the accumulated values of the predictors will inevitably be highly correlated with
time. This confound must be allowed for toahtrealistic estimates of the extent to which the accumulated
predictor relates to fatigu&ince the increase fatigue is slightly greater atight (see results section)jgh
was also allowed for in th@odel. The intercept was allowed to vary atlalels. Shift was treated as fixed.
Time varied at the persdavel as did the¢heoreticalbpredictors Day versus night and the interaction were
fixed. If there were convergence problems then time was always allowed to vary randomly at the person
level, & were as many of thbeoreticalpredictors as possible for maximal random effe88. (This is the

most conservative way of testing the predictors.

Predicting fatigue dynamically from lagged values of determinantsThe effects of the current
or immediately preceding theoretical determinants of fatigue were tested with what are termed distributed
lag models in econometric&8) in which the value of the predictor at lagl (90 minutes previously) was
included in the mdel. These models included the intercept, snft time into the shift, day versus night
shift and the interaction all treated described above. The additional predictors were fatigue at lagl (i.e. at
the previous diary entry), the current value ofpghedictor and the predictor at lagl. Fatigue at lagl was
included in the model to ensure that relationship between the predictor at lagl and fatigue was independe

of the relationship of fatigue and predictor 90 minutes previously (a likely problemmattacorrelated
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dependent variable). As many of tineoreticalpredictors as possible were allowed to vary randomly at the
person level. All analyses were carried out using MLwiN v238. (The alpha level was set at

p<.01Variance explained was usedinalicate size of effectssing recently developed methdd$, 4J.

Results

Diary entries plus Actiheart data were obtained from all 100 nurses, over 193 shifts. The sample
was comparable to the total workforce on the wards sampled in terms of ageaemdince qualifying but
contained slightly more men (7 out of 100) compared to the 3.5% of the population sampédlsdefor

details. Seventy fivpercent of participation shifts (147) were day shifts and 4% (8) were at the weekend.

Diary compleion rate was excellent: Overall 1453 (98.5%) out of a possible 1476 diary entries
were completed. The diary was opened with a median delay of 30 secmhdampletion of a complete
diary entry (including items not reported in this paper) took a mediandfrhid8 seconds with an inter
guartile range of 86 secondsree hundred and fifty nine (25%) entries were snoozed and the modal snooz

time was 10 minutes.

The average values of fatigue and the predictor variables are shown in Table 2. It isttlear tha
there is substantial variation in the measures, indicating that range restrictions are unlikely to reduce the

opportunity to demonstrate predictive relationships if they exist.

Does fatigue increase over the working dayh Table 3, nested multilevel rdels are showra
fixed linear model, a fixed quadratic model afidally, a model in which the effects of time were allowed
to vary randomly at the level of the participaiihe differences in fatigue on daynd nightshifts are
examined as well as thteraction ofday versusight with time. Only the interaction with the linegfects
of time are presentedAllowing for a quadratieffect of timein interaction with dayersus nighshifts did
notimprove modefit. It is clear from Table 3 thattigue increases over the shift and that the best fitting
model is quadratic. The quadratic model had a significantly bett&?#it38.22 df 1, p <.001,) than the

linear and this was markedly improved when the slopes were allowed to vary randomly lpetitiegrants
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(X?=141.19df= 14, p <.001). Thetotal varianceexplained bythe finalmodel was70.226 with time and the
differences betweeday and nightshifts accounting for 2%3The full modelshows that there is an
interaction between day versus night shift and time into the gksfshown in Figure 1a, after a very slight
decrease there is little increase in fatigue for the first 4 hours of the shift then a considerable increase for t
remaning time.The day and night shifts start with comparable fatigue but the night shift shows a greater
increase in fatigue over the work periddhe spaghetti plots in Figure 1b and 1c show the results for the
individuals. The differences in the effecttohe are marked between peophath significantrandom slopes
anda substantially bettenodelfit) so some people become much more fatigued than others over the work
period, indeed some show diminishing fatigue initially but almost everyone displaysrease by the end
of the shift, even those who start the shift with high levels of fatigueigure 1c the intercept (time into
shift=0) is fixed to show the differences over time within individuals more cl€Bnky regularity of the
predicted valuessistriking.lt is difficult to estimate the number who display increasing fatigue when the
guadratic model is fitted. Howeverttie simpler linear model is fitted to enable estimation, 90%hisf
population would be expected $howan increasingrénd.

Is fatigue predicted byphysical energy expended?lt is clear from Table 4first column)that
fatigue wasot consistently related tccumulategbhysicalenergy expendeflixed effect).The random
slopes effect was significant indicating thadiinduals differed in their relationship betweglnysical
energy expended and fatigue. This effect is shown in Fig2a, with the intercept fixed to ease visualisation.
Some individuals showed increasing fatigu@lagsicalenergy expenditure increasesiWtothers show the
opposite.The full model explaine@0.35%of the variance with the random slopes explaidid % Table
4 also shows results for the distributed lag model, i.e. the effettysfcalenergy expended over the
preceding ~90 mins, allowing for fatigue scores on the previous diary recording. It proved difficult to get
stable models if the quadratic effect of time was included in the distributed lag models so the results are
based on onlyhe linear effects of time in all the distributed lag models. Neither cyshgsicalenergy

expended nophysicalenergy expended at lag 1 related to fatigue
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Is fatigue predicted by subjective ratings of demandm can be seen in Tab#e(second column)
that fatigue was unrelated to current demand, accumulated demand or demangfiaethgffect) The
effects of accumulated demand and current demand varied randomly at the person level suggesting that i
some people demand was associated with magrétin others les§he accumulated demand results for
individuals are shown in the spaghetti plot in Figure 2b which shows both positive gativene
relationships occurring.e., demand can be fatiguing or energisiftys effect explaine@.2%of the
variance in fatigue.

Is fatigue predicted by reward? Accumulated and lagged reward both relate reliably and negatively
to fatigue, i.e. reward is associated with reduced fatigue (Balthérd column, fixed effectand Figure 2c
Accumulated reward explain@d0%of the variance while rewa lag1 (while significant) explained only
0.8%

Does greater control over work predict less fatigueTable4 (fourth column, fixed effectghows
that greater control accumulated over the wagkiod was associated with less fatigue (see also Figiire 2
however the effects at lag1l, while in the expected direction, were not statistically signfica0f)
Accumulated control explainégi9%of the variance.

Discussion

In this realtime study of nursing work as it unfolds across the day, subjective fatigue increased
over a 1Zhour shift in virtually all of 100 nurses studied while they cared for patients. The energy expende:
over the shift (i.e. physical effort exerted) did not relates=tently to fatigue nor did the perceived
demands the nurse had experienced. Howevergasteptions of rewardccumulateaver the whole shift
and 90minutes earliepredicted fatigueAccumulatedcontrolwas alsaassociated with reduced fatigue.
Taken together, these results support a motivational, as opposed to a resource depletion account of fatigL

On average there was little increase in fatigue over the first 4 hours of the shift, then it increased
markedly,approximately doubling by the end of the shift. Previous studies of fatigue have also shown an
increase in fatigue over timé4, (42 but these have mainly, but not exclusively (43).involved laboratory

tasks or simulations of real life tasks such agmly or flying. In addition they have not reported the results
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for individuals. A most striking feature of the present data is its regularity. Fatigue increased systematicall
in virtually everyone and while it did not necessarily increase monotoniaalgxpectedhost people were
more fatigued at the end of the shift than the dimdddition fatigue increased to a slighthegter extent
when nurses wengorking anight shift. Individual regression lines, shown in the spaghetti plots (Figures
1b ard c) confirm this. Hulshegel Q) recently also found a quadratic trend for fatigue in a study with only
four measures during the day and including both time at home and at work. Hulsheger does not comment
the pattern for individuals but did find tly@adratic trend was primarily present in participants who started
the day fatigued after a poor night’s sleep. Th
that fatigue increases with time on ta&k44) but the transfer of a phenomeefrom controlled laboratory
conditions to real life is noteworthy, especially as ecological momentary assessment studies show that
nursing is a varied and engaging actividg)( both factors that are believed to counteract fatigué4).

Nurses spend lot of time standing and performing activities that require physical effort. The
literature suggests that physical effort is not a major contributor to subjective {@)guml that even
physical fatigue has a large psychological component, as tlyeecegometer studies showed (k.
Nevertheless, resource depletion models would predict that nurses who have more active days will
experience more fatigue either because of the direct effects of physical activity or because such activity
reflects a mag demanding and effortful day, leading to large depletions in available resource. This was not
the case in the present study. The energy expended over the shift, as assessed by a measure of accumul
physicalenergy expenditure, did not relate to fatignoe didphysicalenergy expenditure immediately
preceding the fatige assessmefite. the distributed lag model). This null result is unlikely to be due to
problems with the measurementpbiysicalenergy expenditure as the measure used is a reliable and
validated method using both heart rate and activity, the data obtained were of high quality and related
meaningfully to what the nurses were doid@)( Further, it was not due to restricted variance in the
measures, as nurses differed markedly in #ietumulategbhysicalenergy expenditure across the shift.
Energyexpended during shiftmight still be replenishetly breaksand consumptionf food and drinkand

this is examined ithedynamic distributd lag model In neithercase didohysicalenergyexpended earlier
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in the shiftreliably predict future fatiguelnstead, prticipants diffeedin the relationship betwegrhysical
energy expended and fatigue with some apparently energised and some fatigued by expending energy.

Perceived demands weres@alunrelated to fatigue either accumulated or distributéay analysis
even though participants differed greatly in their perception of demand across the working day. The abser
of an effect of demand is surprising since theorists suggest that hgigterardemand should lead to
fatigue, probably because of the effort involved in meeting denfnth(other studiesl@, 48 we have
argued that demand can have a positive or negative effect, perhaps because it can be both energising an
tiring in different people or in different situations or times. This was also seen in this study since allowing
accumulated demand to vary randomly between people added to the predictive power of the model and a
with energy expended, while many showed no relatipnsome showed increasing fatigue with increasing
demand and some showed the opposite. The relationship between current level of demand and fatigue a
differ between people in a similar way. These findings provide little or no support for a resepisteod
model of fatigue: most nurses did not show increased fatigpleyascalenergy was useor demand
increasedind some even showed diminished fatigue.

Reward had a straightforward relationship to fatigue and was associated with reduced fatigue, a
finding compatible with a motivational but not a resource model and thus more in line with Inzlicht, et al.
2%o0r Hockey’'s (2) mothan &rasource deplétionanode®. r o | mod el

Perceptions of control related to fatigugwgontrolaccumulated over timigeing associated with
less fatigue. Tis support& motivationalmodel This may be because control allows nurseshtwose how
to direct their attention as Hockey suggeststanthoose rest times or to select when to do each tidsiaw
the limits of flexibility of the role, thus mitigating effects of fatigue. Current and accumulated control were
both beneficial but control at lagl was not reliably related to subsequent fatigue. It would appear that
sustained or current control isreficial but past, possibly brief, episodes may not be. However, the latter
result may also be because control wadssgeliable measurthan the othexused in this study.

While these results amwardand controin generakupporta motivationaimodel (2, 24, 25 the

variance explained byeward andcontrol issmallin comparison to the substantedfect of time. Time at
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work remains a substantial predictor of increasing fatigue but it is challenging to find an adequate
explanation. Why does time work have such a dominating effect on fatigue when fatigue is unrelated to
the effort expended over the course of time? Is it the inevitable result of time awake? The time effect allow
prediction of when one might be fatigued but not why one is fatiguathy be that the consistency of the
effects of fatigue over time reflects expectancy effects, i.e. that nurses expect to be tired after several hou
at work. However the individual results do not support this account: although the data is systeloadic it

not show a monotonic increase in fatigue over the shift and there is considerable {petrgearvariation in

the rate of increase of fatigue. Similarly, an early study of fatigue over different lengths of nursing shift
indicated that fatigue reped was similar at the end oft®ur and 1zhour shifts, counteracting the

possibility of a fatigueexpectancy effect4@).

These results also suggest that in practical situations such as nursing it may be possible to mitigate
fatigue and the effects of fgie without reducing the demands atysicalenergy requiretb completehe
tasks. I nterventions might be directed at the
fatigue is greatest late in the work period it might be valuableough logistically challengindgo re
order tasks where possible so that workers have more control or do more rewarding work later in the
working day which might serve to sustain motivation, reduce fatigue and as a result increase safety and

reduce errors

Strengths and limitations.

To the best of our knowledge this is the most comprehensive examination of subjective fatigue a
work in real time. It is a substantial study with frequent measurement of fatigue throughout the work perioc
in a homogeneous sample of nurses with very litilesing dataThe measuref fatigue was comparabte
that used in other studie$ fatigue (5, and 10. Thestudy combineslirect physical measurement of energy
expended with frequent measures of a range of the putative determinants of Vaaglidnot measure
mental or psychological effort which majsobe important imesource modelsin additionwe did not

assess workelated motivatiomor changes imotivational processes agdak over timeimportant
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component®f the motivationamodels. The study is limited to the work period and as result we cannot
comment on fatigue outside the working day, or on contextual factors that may influence fatigue, such as
wor k/ home bal ance or the quality of toptzarHulshegerp a nt
(10) has shown to be important). In future work itvhebe desirable tmclude explicit measuresf work

related motivatiorandinclude measuremenoutside the work period, although this could be a burdensome
addition to an already demanding protocibiwould also be valuable to includééjective measures of

performanceand cowluct the studies in a rangeladspitals

Conclusion

This realtime stuly using valid and intensive measurement offers little support for the dominant
resource depletion model of fatigue as neither directly meaphgeicalenergy expenditure nor perceived
demands of the work predicted fatigue in nurses over the course dfaud 2hift. By contrast, the finding
thatperceived reward and perceived conbroth predicted fatigue over time, supports a motivational
account offatigue. In addition, the study confirmed previous (but predominantly laboratory based or
simulated work) findings of increasing fatigue with time during the working dayasshown that this is

true in most nurses.
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Table 1
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Participants: Demographic, professional and participation information

N

Gender (% female)

Age in years (mean, SD)

Body Masdndex (mean, SD)
Qualifications (% graduate level)
Percentagen lowerpaybands

Years rgistered as a nurse (mean, SD)
Years working on ward (mean, SD)
Number of wards included

Number of shifts included

Medical
47

93.6%
35.9 (9.5)
27.8 (6.1)
47.9%
69.6%
9.4 (8.7)
5.0 (4.9)
7

92

Surgical
53

92.5%
36.9 (10.2)
25.9 (5.1)
34.0%
76.9%
11.5 (9.9)
5.4(5.0)

7

101

Population
425

96.5%
36.9 (10.3)

11.0 (9.5)

14

L All nurses employed on participating wards
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Table 2
Means and standard deviations for subjediague and the predlior variables, separately foredical and
surgical nurses

Medical Surgical
Measure Mean SD Mean SD
Fatigue (6100) 29.39 18.98 32.66 22.10
Energy expended per minute (me 155 0.61 151 0.64
Energy expended accumulated 623.81 396.27 621.39 389.44
Demand (66) 256 1.88 274 1.93
Demand accumulated 10.89 8.13 11.38 8.79
Control (G3) 220 0.95 223 092
Control accumulated 9.38 5.98 992 591
Reward (64) 284 141 287 1.33

Reward accumulated 12.26 8.15 12.71 8.00




Table 3

Changes in fatigue over the work period: estimate beta weights (standard error) for fixed effects and
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variances (standard errors) for random effects.

Fixed effects
Intercept

Shift (1 or 2)
Day v night shif#
Time (linear)
Time (quadratic)

Day/night x time (linear)

Random Effects
Level 2:person
Intercept

Day v night shift
Time (linear)
Time (quadratic)

Day/night x time (linear)

Linear fixed Quadratiefixed

20.30 (1.64)*** 24.43 (1.77) ***

0.40 (0.70) 0.36 (0.70)
-5.87 (2.21)* -5.48 (2.18)*
1.72 (0.12)** -0.51 (0.38)

0.20 (0.03)***

1.31 (0.22)*** 1.21 (0.22) ***

188.25 (28.61)***  189.37 (28.47)***

Level 1: Observations over time

Intercept

Loglikelihood (ofmodel) 11866.11

169.85 (6.53)**  165.07 (6.35)***

11827.89

Quadratierandom

23.57 (2.11)**
0.65 (0.62)
0.33 (2.93)
-0.53 (0.46)
0.21 (0.04)***
0.77 (0.36)*

321.59(60.47)***
60.07 (72.88)
9.14(3.02 Y***
0.05 (0.02)**
0.93 (1.42)

128.78 (5.38)***
11686.70

*p<.05 ** p<.01 *** p<.001 # Day/night binary coded, 1=night
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Table 4: Predicting fatigue from predicto® energy expenditure, demand, reward and control: accumulatetistmiolited lag models showing estimated

beta weights (standard error) for fixed effects and variances (standard error) for random effects.

Fixed effects
Intercept
Shift
Day/night#
Time(lin)
Time(quad)
D/n x time
P-accumul
P-current
P-lagl
Fatigue lagl

P - Energy Expenditure

Accumulated

P - Demand
Distributed lag Accumulated

Distributed lag Accumulated

P - Reward

23.86(2.11)**
0.03(0.65)
-2.12 (2.52)
-0.16(1.31
0.21(0.04)**
0.87 (0.35)
-0.01(0.01)

Random effects

Level 2: Person

Intercept

Time(lin)
Time(quad)
P- accumul
P - current
P-lagl
Fatigue lagl

Level 1: Observations over time

Intercept

331.62(56.67)*

78.48(22.01)**
0.06(0.02)*
0.01(0.00)**

122.56(5.17)*

11.60(3.42)**
-0.08(0.73)
0.29(2.61)
1.66(0.21)**

0.16 (0.36)
-0.69(1.62)
-2.24(1.66)
0.49(0.03)**

17.80(20.23)
0.99(0.46)

NA
NA
0.03(0.01)*

128.80(6.30)** 121.68(5.17)*

23.67(2.12)**
0.17(0.69)
-2.05 (2.57)
-0.73(0.55)
0.21(0.04)**
1.05 (0.36)*
0.03(0.13)

333.96(57.17)*

14.63(4.05)**
0.05(0.02)*
0.80(0.22)**

5.37(1.44)*
-0.22(0.66)
-1.39(2.09)
1.50(0.15)**

0.58(0.28)
0.48(0.25)
0.19(0.21)
0.48(0.03)**

50.75(20.55)*
0.43(0.25)

2.43(0.86)*
NA
0.02(0.01)*

118.47(5.42)** 120.25(5.08)**

25.81(2.14)**
0.37(0.65)
-2.00 (2.53)
1.23(0.64)
0.20(0.04)**
0.55(0.34)
-0.85(0.19)**

328.58(57.52)*

20.24(5.66)**
0.05(0.02)*
1.26(0.42)*

P - Control
Distributed lag Accumulated

Distributed lag

15.14(1.66)**
-0.26(0.65)
-0.37 (1.92)
1.65(0.13)**

0.32(0.26)
-1.83(0.33)**
-0.71(0.30)*
0.45(0.03)**

30.14(25.22)
0.23(0.22)

1.61(1.24)
NA
0.03(0.01)*

120.87(5.44)** 116.77(4.96)**

25.91(2.14)**
-0.35(0.67)
-2.96(2.40)
1.29(0.71)
0.21(0.04)**
0.81 (0.32)
-1.14(0.30)*

335.78(58.37)*

29.28(6.83)**
0.05(0.02)*
4.33(1.08)*

13.55(1.82)**
-0.34(0.66)
-1.33(1.90_
1.55(0.15)**

0.48(0.26)
-1.96(0.50)**
-0.71(0.40)
0.47(0.03)**

50.41(28.54)
0.29(0.23)

7.57(3.16)*
NA
0.03(0.01)*

119.70(5.44)*

** p<.01, ***p<.001, NA random effect could not be estimatgday/night binary coded, 1=night
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Captions

Figure 1. Effects ofime at work on fatigue. The top line shows fatigue on night shifts, lower line shows
fatigue on day shifts. a) Quadratic model across participants, showing interaction between shift and time.
Individual quadratic regression lines of effects of timdatigue with Intercept allowed to vary between
participants (group regression lines also shoavrdc). Intercept fixed at mean intercept of sample (group
regression lines also shown).

Figure 2. Efécts of the accumulated predictor variables ((a) energy expended, (b) demand, (c) reward anc
(d) control on fatigue. Individual regression lines with intercepts fixed a mean intercept of the sample

(group regrssion line also show)
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