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Abstract

The present contribution presents two field stud@®bining tools and methods from
cognitive psychology and from occupational psychglon order to perform a thorough
investigation of workload in employees. Cognitivead theory proposes to distinguish
different load categories of working memory, in @niext of instruction. Intrinsic load is
inherent to the task, extraneous load refers topomnts of a learning environment that may
be modified to reduce total load, and germane k@ables schemas construction and thus
efficient learning. We showed previously that tthisoretical framework may be successfully
extended to working memory tasks in non instrueiatesigns. Other theoretical models,
issued from the field of occupational psychologycaunt for an individual's perception of
work demands or requirements in the context oedifit psychosocial features of the (work)
environment.

Combining these approaches is difficult as workl@sdessment by job-perception
questionnaires explore an individual’s overall jwdrception over a large time-period,
whereas cognitive load investigations in workingnmoey tasks are typically performed
within short time-periods. We proposed an origimathodology enabling investigation of
workload and load factors in a comparable time-BariVe report two field studies
investigating workload on different shift-phasesl dretween work-shifts, with two custom-
made tools. The first one enabled workload assasshyemanipulating intrinsic load (task
difficulty) and extraneous load (time pressuregimorking-memory task. The second tool
was a questionnaire based on the theoretical ctsoeip work-demands, control and
psychosocial support. Two additional dimensiongeated to contribute to job-perception,
l.e. work-family conflicts and availability of humaand technical resources were also
explored. Results of workload assessments werestisd in light of operators’ alertness and
job-performance.

Keywords: Workload, job-perception, load factors, alertnesailtidisciplinary approach,
aerospace activities

Introduction



Two fundamental research questions have driven imgnkemory research during the
past four decades. The first concerns the rolettehaon during information processing in
working memory. It will be outlined briefly in thétis closely related to the second research
topic on which the present contribution focusses,the factors that determine the limitations
of working memory, and thus workload. Workload ilasely related, partially or totally
overlapping concept of cognitive load. A precisdirdgon is elusive, but a commonly
accepted definition of workload has been proposgdHhart and Staveland (1988): The
perceived relationship between the amount of megmtatessing capability or resources and
the amount required by the task.

The purpose of the present contribution is to mleva comprehensive overview of
workload theories and assessment of workload, mepecially in the work-place. In the
literature, workload has been addressed in diffetart complementary, ways in the fields of
ergonomics and of occupational psychology. We welliew more especially cognitive load
theory that proposes a distinction between diffetead categories and factors in working
memory, and job-strain models that consider jobaw®is in relation to other job-related
dimensions. Both these approaches will be discusgggther with an additional concept that
is central to those studies focussing on worklaaghift-work or night-work conditions, i.e.
alertness variations and thus performance variat@eross the 24h-day in shift-workers.
Concepts and considerations derived from theserdtieal approaches enabled the
development of a multi-disciplinary approach of idoad that will be described in a later
section. A final section will report application$ this original approach in field studies in
relation to alertness and job-activity.

Single versus multiple mental resources during infanation processing

One of the first models proposed to account forndog performance by mental
resources can be found in Kahneman’s (1973) inflaebhook on attention. In this model,
human performance is supported by a general powlenital “effort” and the demand of task
for these limited resources is emphasized. Wharbgest engages in a demanding task, this
single multipurpose pool of resources saturatesjimg less room for additional processing
regardless of the task domain, and performancé&bravn.

In contrast, Wickens’ (1984) multiple resource tlyemlentified attentional resources
that are separate from one another along four dioes: The stage of processing
(perceptual and working memory tasks vs. selectiod execution of action), the type of
processing code in perception, working memory (Béelg 1986) and action (spatial activity
vs. verbal activity), and the modalities of inputdaoutput (auditory vs. visual). The fourth
dimension was introduced in a later developmentdistinguishing within visual channels
focal vision and ambient vision (Wickens, 2008).céAding to this theory, the human
operator has several different pools of resourbas dperate independently and that can be
tapped simultaneously. Excess workload would dnsa task using the same resource and
may then result in errors or slower task perforneanc

A more integrated view proposes that late/centrat@ssing, for example high working
memory load in a visual-verbal task, interacts va#hly/sensory processing, for instance of
irrelevant sound (see for instance, Sérqgvist et28l12). This interpretation may account for
instance for higher recall of auditory rather tiwaually presented verbal material, as a result
of a longer-lasting acoustic-sensory trace andfgindr temporal distinctiveness of heard lists
of items (Galy etl., 2008, 2010; Mélan & Galy, 2012).



Both single and multiple resource models posit thi@sk demand exceeds capacity of
resources, performance breaks down. They propa@deattentional resources would protect
the limited processing space of working memory froverload. In this respect, the concept
of mental resources has a significant contributiorthe understanding of workload. The
reader may refer to other sections in this voluroe further discussion of the main
components of attention, in particular intensitglestivity and control of the underlying
processes. The purpose of the present contribigianbetter understanding of workload in
real-job situations rather than of the various congmts of mental resources or attention.
The next section thus focuses on the factors thiarochine workload in the work place.

Cognitive load factors and categories in working maory

In his nominal paper of 1956, Miller was the fitst suggest that working memory
capacity was limited to a defined number of digitsnformation. A central issue of that and
subsequent theories was to describe how peopletrarghanize information in a capacity-
limited and time-limited short-term memory storer fnstance by chunking or by schema
construction. Such processes would depend on coghitad, defined by the mental activity
imposed on working memory, or by the load relatedhe executive control of working
memory. An important issue was to define the factbat determine cognitive load in regard
with its time-limitations and/or its capacity-limations. Time-limitations of working-memory
have been proposed for instance by the time-basslirce-sharing model. According to this
model, cognitive load depends on the proportiontimie during which a given activity
captures attention in such a way that the refreshrmememory traces or any other activity
that requires attention is impeded (Barrouik¢tal, 2004). Other models, focusing on the
capacity-limitations of the working memory storefide cognitive load as the total amount of
mental activity imposed on working memory. One ledge models, known as cognitive load
theory, emphasizes the capacity limitations of wagkmemory on learning during instruction
(Swelleret al,, 1998).

Cognitive load theory distinguishes three differeagnitive load categories. Intrinsic
cognitive load, referring to the number of cogretivnits to be maintained and processed in
working memory while performing a task, is due he intrinsic nature (difficulty) of to-be-
learned information. Extraneous cognitive load neféo cognitive and non-cognitive
components of the environment that contribute te thanner in which information is
presented (instructional materials, time pressomse...). Germane load results from the
processing, construction and automation of scherRas.complex problem-solving tasks,
requiring a relatively large amount of cognitiveogessing capacity, only a limited capacity
may be devoted to schema construction. Extraneogisitive load may, however, be reduced
by instructional design for instance, thereby iasreg the amount of resources available to
process intrinsic load and germane load. This thpovvides a general framework to control
the conditions of learning in order to “redirecaieers' attention to cognitive processes that
are directly relevant to the construction of schehf8welleret al, 1998, p. 249).

Recently, cognitive load theory has been implenteirtethe field of ergonomics, by
exploring various cognitive load measures in a @eatithmetic task, typically involving
working memory (Galyet al, 2012; Galy & Mélan, 2013). The study revealeditnk
effects of intrinsic load (high task difficulty) dnextraneous load (high time pressure) on
working memory performance and on mental efficieddgntal efficiency has been defined
by Paas and van Merriénboer (1993) and combinesolgactive workload measure



(performance) and a subjective workload measurafaheffort). The study also showed that
the combined disruptive effects of intrinsic andtrameous load factors were further
enhanced when subjects’ alertness was low, i.ehenmorning (Thayer, 1989). No such
effect of alertness was observed when either esitriar intrinsic load was high while the
other load factor was kept at a low level (low tasfkiculty or low time pressure). Further,
alertness affected not only mental efficiency anerfggrmance but also a psycho-
physiological measure of workload (i.e. differehti@art rate), indicating the robustness of
this effect. The authors suggested that decredsethess observed in the morning would
result in more limited cognitive resources. Theelatvould be entirely allocated to deal with
the more basic intrinsic and external cognitivedléactors, leaving only limited resources to
elaborate efficient strategies and thus for germeaad. Conversely, in the afternoon, when
alertness was high, more cognitive resources doelldllocated to working memory, thereby
enabling the generation of efficient strategiegppdedigh intrinsic and extraneous loads.

Insert Figure 1

In line with this interpretation, alertness hasrbegeported to be closely related to an
individual’s body temperature and its diurnal vaadas that are generally considered to
reflect his/her functional state over the 24h-d&ar{ou et al, 2008). Accordingly, the
authors proposed a modified cognitive load modédliatroduced alertness as a marker of the
resources that are available for germane load (€igjy The model shows how the effects of
well-defined load factors may be modulated by aks$ variations. This study thus raised
interesting perspectives concerning workload ingasibns in the work place, and more
especially in those job-situations involving contius work over the 24h-day.

Alertness and cognitive performance in the work plae

The shift-work literature provides clear evidendalertness variations across the 24h-
day in the work place, and of correlative perforggmariations in neuropsychological tasks.
Shift-workers’ alertness trend recorded in the wadce is comparable to the one reported in
controlled laboratory conditions, i.e. an incregsittend across the day, reaching its
maximum in the afternoon, decreasing thereaftest §lowly, then steadily to reach its
minimum between 02:00 and 06:00 (Carieual, 2008). Hence, shift-workers’ self-rated
alertness variations across the 24h-day have beewnsto be correlated with their
performance in mnemonic and discriminatory taskstHer, decreased alertness during the
night-shift affected performance in these tasks,dmly in the most difficult task conditions
(Galy et al, 2008), like reported above in the mental arithengask (Galyet al, 2012).
Likewise, immediate recall of verbal material was/ést when alertness was also lowest, but
only in the cognitively more demanding task cormh, i.e. for recall of visually rather than
of auditory presented word-lists, and of long rattten of short word lists (Galgt al,
2010).

Higher workload on the first shift-hour comparedti@ remaining time on shift has
also been proposed to account for enhanced jolopeathce (Andorre & Quéinnec, 1998),
but also higher heart rate and self-rated tensioing supervisory control of a dynamic
system (Cariowet al, 2008). In such job-situations cognitive load Vaolie particularly high
on the beginning of each shift, including on thghtishift, as on this shift-phase operators
are involved in the built-up of situation awarenessl of a mental representation of the
system’s state and the programming of the operatiote performed on the remaining time



of the shift. The main objective of assessing aratlipting workload in work settings is to

achieve evenly distributed, manageable workloadtaravoid overload or underload, arising
for instance while performing monotonous tasks diuee and/or by a lack of stimulation

(Dunn & Williamson, 2012). Both mental underloaddaoverload have been shown to be
associated with higher incident and accident ritkdleyet al, 2004; Chiroret al, 2008).

The effects of under- and overload would be mosimpnent during the night, as
indicated by a higher probability of an operatomgeinvolved in an accident or injuring
himself at times when he/she would normally be egsl@~olkard & Tucker, 2003). More
generally, “being exposed to the circadian loweagted time awake, or reduced duration of
sleep will impair performance” (Akerstedt al, 2004; Akerstedt, 2007, p. 209). As these
situations are typically associated with shift-wjotkeoretical models of the sleep and
circadian system have been proposed to predigukatand/or alertness and, by inference,
fatigue-related errors and accidents/incidentserdgd for the development of fatigue risk
management systems in safety-related job-situat{Dasvson, 2012; Folkard & Lombardi,
2006).

Findings of the shift-work literature then suggdst specific characteristics of job-
situations, including shift- and night-work, may tEgarded as environmental components
that potentially enhance extraneous cognitive lmadperators while performing their job
activity. These components probably vary betwednsjtuations as has been suggested by
Siegrist (2010), and should be considered togethittr task-specific components (intrinsic
load) in order to determine workload. This reviefatlee literature thus further favours the
idea that alertness may be viewed as an indicdtdheo cognitive resources available to
generate efficient strategies in a task in lighthef different load factors (Gaét al, 2012).

Work demands, fatigue, and performance in the workplace

An individual’s perception of his/her work enviroent (i.e., psychosocial features of
the work environment) influences safety and peroroe on the work place and, at a long
run, his/her mental and physical health (Costa,6199hese relationships have been
commonly addressed in the demand-control-supporlem@arasek, 1979; Theorell &
Karasek, 1996). According to this model, a combamatof high task demands
(psychological) and low control predicts job straamd this more especially when social
support is low. Several studies reported for exanpht work stressors, including autonomy
and demand, are related to the frequency of ocmuzdt injuries and near-misses
(Hemingway & Smith, 1999; Goldenhat al, 2003). Parkeet al (2001) found that these
factors influenced the self-reported level of saferking. A mismatch between work
demands and the resources available to meet themdontrol and social support) would
indicate that employees are focused on managindll@am or that they are experiencing
some level of strain which makes them prone torerin their work as the result of a
performance decrement (Phipgs al, 2012). An alternative model, the effort-reward
imbalance model, posits the interplay between g@ated psychological effort and reward,
and individual differences in the level of commimmhdo work, as predictors of strain
(Siegrist, 1996; Siegrist al, 2004). Several studies showed that both modwigribute to
the prediction of safety performance and safetyate ratings (Phippst al, 2012).

In a different approach, the work-family conflicodel proposes that strain arises when
“participation in one role (work role or other lifeoles) makes it difficult to fulfil



requirements of another” (Greenhaus & Beutell, 19856). In a society that operates
around a 09:00 to 17:00 work schedule, employeegiagin the early morning, during the
evening or during the night are more readily expose conflict roles between these two
major areas of life. The disrupting “effects of fshivork on performance efficiency,
accidents, and family and social life” have beescdbed as early as 1977 by Rutenfranz and
collaborators. More recent studies showed that-shafk, but also work-related demands,
and job insecurity, figure among the risk factoos the onset of work-family conflict,
whereas decision latitude and social support (cdk@roand supervisor) protect against
work-family conflict (Janseet al, 2003).

While the demand-control-support model and thereflmward imbalance model have
received much attention in the literature, studmsussing on shift-work highlight more
especially the work-family conflict model. The welkmily imbalance model provides a link
between the short-term effects of shift-work ongia¢, and its long-term effects on general
health and well-being. It posits that individualsually try to achieve a balance between
work and family requirements and that meeting deisaf both areas frequently results into
sleep loss in employees working evening- or nidiftss (Caldwell, 1997). The fatigue
associated with sleep loss, shift work, and lonty dycles for instance, can cause him/her to
become inattentive, and inefficient. Experimentaidges clearly demonstrated that short-
term sleep deprivation results in alertness andnitwg performance decrements
correlatively to a decrease in brain activity aht tmore especially in those brain regions
mediating attention and higher-order cognitive peses (Thomaet al, 2000). Accordingly,
in safety-related job-situations fatigue may cdngti an insidious threat because of alertness
and performance impairments and the insecurity ay ngenerate. At the long run, an
imbalance between employment requirements and yaragponsibilities may result in a
disruption of physical, mental, and/or social wading (Roth & Moore, 2009). High levels
of fatigue, need for recovery, poor sleep qualiypr general health, work-family conflict,
and insufficient leisure time were thus reportecbéoassociated with an increased risk of
leaving shift-work (Amelsvooret al, 2004).

These and other findings of the job-strain literatthat may not be summarized here,
provide clear evidence indicating that the consegeg of a stressful work environment
depend on “many 'intervening variables' concernbgh individual factors (e.g. age,
personality traits, physiological characteristicgs well as working situations (e.g.
workloads, shift schedules) and social conditiang.(number and age of children, housing,
commuting)” (Costa, 1996, p.9).

A multi-disciplinary approach of workload variation s within a work-shift and
across work-shifts

Despite the difficulties of finding a precise ddiiion of workload, a number of tools
have been proposed to operationalize these thealretbncepts. Mental workload may be
evaluated by recording of psychophysiological congmis, observing overt task
performance, or rating subjective tools. In the kvgtace, mental workload is mostly
assessed by subjective self-rating scales andigaeatires, like the NASA-Task Load Index
(NASA-TLX; Hart & Staveland, 1988) and the subjegetiworkload assessment technique
(SWAT; Reid & Nygren, 1988). The NASA-TLX, for iretce, is a multi-dimensional rating
procedure that derives an overall workload scoseth@n average of ratings on six subscales
including mental, physical, and temporal demands. allows subjective workload
assessments on operators working with various humerhine systems.



A broader description of workload may be obtaingd dxploring an individual’s
perception of his/her work environment with selfitrg questionnaires. These tools may be
used in any job-situation, whether they involvenot a human-machine system. The main
interest of this approach arises from the fact thatkload or work-demands are highlighted
in relation to other perceived job-features, ile tesources available on the work place to
meet the demands in the demand-control model (Elle&rKarasek, 1996), reward and
work commitment in the effort-reward model (Siegris996), and putative conflicts with
family roles in the work-family imbalance model g&nhouse & Beutel, 1985). As indicated
above, investigating work demands together witheotjob-features enables determining
whether a work environment is stressful or notefadled description of operators’ workload
may then be achieved by combining, in the work @late assessment of employees’
perception of their work environment with an expexntal investigation of various workload
measures in response to controlled manipulatiohsaof factors.

The questionnaires used to specifically test eitbfethe job strain models proved
indeed to be useful to explore psychosocial jolraittaristics in a variety of job-situations.
There remain, however, some theoretical and prdctjaestions to be addressed in this
research field. For instance, the subjects’ resgorsse most probably based on the job-
experience they gained over a rather long timeoperihough the time-frame they should
consider is generally not specified. This may tleaa to biased assessments. It also remains
unclear how a subject’s overall perception of lesAlvork environment, and in consequence
a demand-control (or resource) mismatch or a wankify imbalance, build up over time. In
other words, it may be interesting to determinetivbiethe contribution of a given dimension
(and of its sub-dimensions) is constant over tiema what specific job characteristics may
modify the contribution of each dimension. It may instance be the case that an employee’s
perception of his/her work environment dependsaddition to overall work organization
(work schedule), also on more focal aspects, imetudork-shift, staff on shift (i.e. reduced
staff on the night shift for instance), hours oiftsland beginning of the morning shift. This
idea is favoured by the fact that these work orggtion features have been shown to affect
employees’ performance, as outlined above. More®eits starting before 06:00 have been
reported to be associated with higher levels afutating cortisol (stress-related hormone;
Bostock & Steptoe, 2012), and decreased alertmeieeilate morning (Tuckeat al, 1998)
compared to late shifts. A backward rotation scheduas reported to be related to an
increased need for recovery and poor general hesliten compared with a forward rotation
schedule (Amelsvoost al., 2004).

It may furthermore be argued that job-perceptioray mary within a given shift, as
aforementioned for other psychological measures @lertness and performance) which
were shown to vary according to morning-shift begig and shift-duration (Tuckest al.,
1998), time on shift (Mélart al, 2007), high workload on shift-beginning (Andore
Queinnec, 1998; Carioat al, 2008), and task load (Gast al, 2008). It is tempting to
speculate that if in a work environment workloadlgectively enhanced on shift-beginning
for instance, then this specific feature would dgouncovered by employees’ self-reports.
Even more, a self-rating tool would enable investitg on different phases of a given shift
and across shifts this feature along with otheredisions of the work environment.

In light of these considerations, we developedgamid a specific methodology in
order to investigate workload in the work placethba the context of job perception and in a
controlled experimental design. On one hand, weigded a self-rating questionnaire
referring to the theoretical concepts of the demamarol model (job demand, control and
social support), completed by two other relevanicepts, i.e. work-family conflicts and



availability of technical and human resources. VWgriad that the availability of technical and
human resources may contribute to meet job demarats accurately, together with the
well-documented resources already mentioned. Intiadd control and its sub-dimensions

(autonomy and skill expression) may critically degeon the availability of technical and

human resources. Data summarized in the previa®sdurther provided clear evidence of
an incidence of work-family conflicts on sleep d@atlgue, and thus on job-perception on a
given shift or a given shift-phase.

In consequence, our job perception questionnairelredaded work demands
(psychological, 19 items; physical, 6 items), cohfautonomy, 4 items; skill expression, 8
items), social support (supervisor, 5 items; cokear 3 items), work-family conflicts (5
items), technical and human resource availabibtyt€ms). Subjects rated all 56 items on a
6-point Lickert-type scale and a mean score wasutatked for each dimension (a high mean
score indicating high demands, control, etc.). Woldmands would enable assessing
workload. Cronbach’s alpha’s indicated a high Hiterm reliability for each dimension (in
each case > .800).

We also designed an experimental procedure in aodievestigate in detail workload,
and its variations according to intrinsic and ex#éraus load. Among the load factors of
interest in a work environment, and that can belemented in an experimental design, task
difficulty and time pressure appeared to be mostvemt. Besides task-difficulty or -
complexity, time pressure has indeed proved torteead the most common stressors in the
work environment, where time may be part of a maujgorocess that influences perception
of control (Koslowskyet al, 1995). The experimental procedure enabled tpsha effects
of the two load factors separately and simultankydnsa working memory task by recording
performance measures and subjective load meaddoes.especially, in a mental arithmetic
task each of 32 trials started with the presematbiba 2- or 3-digit number on a computer
screen. Subjects had to add “5” and “18” to thepldiged digit respectively in the low
difficulty and high difficulty conditions, either ihout time-pressure or under time-pressure
(respond within 8,000ms). Subjects thus performedr fexperimental conditions: Low
difficulty and low time-pressure, low difficulty dnhigh time-pressure, high difficulty and
low time-pressure, high difficulty and high timeepsure (Galgt al, 2012).

In the field studies described in the next sectioie self-rating job-perception
questionnaire and the experimental investigatioload factors were combined to provide a
detailed description of workload in the work plaGaven that workload has also been shown
to depend in a complex manner on several perssitiztion-related, and task-related factors
including sleep loss, and job characteristics, whie turn affect alertness and (safety)
performance (i.e. Costa, 1996), the studies alstuded alertness and real-job activity
measures.

Experiment 1: Workload, alertness, and job-percepton are related to work-
activity

The aim of a first experiment was to explore whetbegnitive load measures, job-
perception (including work demands) and alertnemy \according to on-shift time in air
traffic controllers, and to explore whether worldaaeasures were associated with operators’
general state (alertness) and with their job-agtivi



Nine out of the eleven controllers of the Frencih Rorce working in a test flight
control centre, volunteered to participate in thedg They were aged between 34 and 56
(mean 42.7), had a 10-year work experience, an#tetoon week-days, starting at 08:30 or
10:00. Controllers were in charge of individualt tghts of to-be-commercialized aircrafts.
They had to make sure that aviators had the pdiggitn test the proper operation of flight
instruments in a sufficient air space and time-fanespite commercial aircrafts arriving or
leaving the regional airport, en-route flights @gular air routes and domestic flights. Test
flights lasted a mean of 20 min. The first flighasvscheduled approximately one hour after
work-beginning, and subsequent flights were scleztl@in an irregular base. Two activity
categories were recorded: “communications” and draakctivities” (other overt behaviors
were finally discarded as they represented less 5B& of the events).

Workload was investigated by using the tools dégctiin the previous section, i.e. in a
working memory task by manipulating intrinsic anxtraneous task load separately and
simultaneously, and directly in the work contextrhging the different dimensions of the job-
perception questionnaire (work demands, controtiasosupport at work, work-family
conflicts, and availability of technical and huntasources). Alertness and perceived tension
were determined using Thayer’s adjective check-Bsiefly, controllers rated either of four
responses (“feel very..”, “I feel a little...”, “I dont know, or “I dont feel..” scoring
respectively 4, 3, 2, and 1 point(s)) for each 0fa2ijectives relating either to alertness or
tension. Workload measures and alertness were ctadlethree times: 1h after shift-
beginning, in the middle of the shift, 1h prior fsl@nd. In consequence, control activities
were only recorded during the first test flightiesas operated within the first hour of the
shift and the data could thus be confronted todther measures recorded one hour after
shift-beginning. The irregular flight schedule atdr flights did not fit with the procedure
described above, so that no further control agtikgcordings were performed (Marugee
al., 2013). As several variables did not meet théega of a normal distribution, non-
parametric comparisons were performed for each uneaacross the three shift-phases by
using Friedman's test (3 related samples with 9emisions) and post-hoc pair-wise
comparisons with Wilcoxon’s test. Significant agations between variables were tested by
using Spearman’s correlation test. Results areepted successively for each of the tools
used, before investigating correlations betweemtradss, cognitive performance and job
perception and of each measure with real job-dgt{ein shift-beginning).

Insert Figure 2

- Figure 2 illustrates working memory performanceregped by response latencies
so that low response latencies indicate high perdmice and vice versa. Friedman’s
test was used to compare task performance betweerfour task conditions
separately on each shift-phase, and for each w@s#titton across the three shift-
phases. Results indicated significant performanéferences according to task
condition on shift-beginning (W=25.1%<.001), shift-middle (W=24.6p<.001)
and shift-end (W=24.6<.001). Post-hoc tests indicated higher working mgm
performance (in each cages.008) when intrinsic cognitive load was low (task
difficulty, labelled D- in the figure) rather thamgh (labelled D+). When task
difficulty was high, performance was higher withglhitime pressure (D+TP+)
rather than with low time pressure (D+TP-; in eadse,p<.008). When task
difficulty was low, a similar effect of high timer@gssure was observed but only on
shift-beginning <.021) while no such effect occurred on the midaitel end of



shift. This result then indicates a performancerel®ent across the shift with
increasing extraneous load.

Correlatively, air traffic controllers’ self-ratedlertness decreased between the
beginning M=1.56,sd=.91) and end of shiftM=1.07,sd=.90), while their self-
rated tension remained low throughout the shifttwjleen 0.28 and 0.33).
Friedman’s test did not reveal significant alertnes tension variations across the
three shift-phases, though pair-wise comparisomscated that ATCs reported
significant higher alertness on shift-beginningtloa shift-end4=1.96,p<.050).

Insert Figure 3

As indicated by Figure 3, ATCs’ perception of thiffedlent dimensions of their
work environment appeared to remain stable actusshift. This impression was
confirmed by statistical analysis revealing no gigant differences between shift-
phases for the perception of either job dimendiowever, Spearman’s correlation
tests performed separately on each shift-phasealexyesignificant associations
between the different job dimensions. On shift-begig, psychological demands
were positively correlated with job control (automg rho=.840,p<.005; skill
expression: rho=.91§<.001). Further, demands, control, and co-workepstut
were positively correlated with human and technicakource availability
(psychological demands: rho=.82B<.006; autonomy: rho=.717<.030; skill
expression: rho=.87@<.002; co-worker support: rho=.683<.043). Technical and
human resource availability was also associateth wit-worker support on the
remaining shift-phases (middle of shift, rho=.95810* shift-end, rho=.734,
p<.02), and with psychological demands on shift-¢hd=.667 p<.050).

Correlation analyses between the different measamdsreal-job activity on shift-
beginning revealed significant associations of Itdlight control activities with
working memory performance (negative correlationth wesponse latency) when
task difficulty was high (D+TP-, rho=-.708<.04), and when time pressure was
high (D-TP+, rho=-.783p<.013). A similar relationship between control eities
and alertness fell short of significange<(09), indicating nevertheless that control
activities tended to be highest when alertnesstansion were also highest, and
vice versa. High perceived supervisor support amddelf-rated tension were also
associated with high working memory performance wherinsic load was high
(respectively, rho=.-667p<.050; rho=.720p<.029). The rate of communicative
events was however negatively correlated with peede supervisor support
(rho=.898,p<.001), indicating that ATCs perceived low suppeiien flight control
involved a high rate of communicative items.

In summary, the findings of high alertness and @ogn performance on shift-
beginning, together with the fact that a test fliglas systematically scheduled shortly after
shift-beginning in the test flight control centreay indicate that controllers anticipated high
workload on shift-beginning in this particular jeliuation. A similar interpretation has been
proposed in previous studies demonstrating sigmtfichigher job-performance, perceived
tension, and heart rate one hour after shift-beggqnnompared to the remaining shift-time in
situations involving supervisory control of a dyriarfAndorre & Quéinnec, 1998; Caria
al., 2008). In favour of this interpretation, pos#tivelationships were observed on shift-
beginning between cognitive performance, job-attivand alertness. In addition, job



demands and various job resources were rated ighddvel and significantly correlated to
each other on this shift-phase.

According to Karasek’s model (Theorell & Karasek)9&), high job demands
associated with high control would indicate thatCATperceived their work situation as an
“active job situation” or a “passive job situatioiiut not as a “high strain” job involving, on
contrary, high job demands and low job control.dPsjogical demands and control were not
significantly associated with co-worker supportikalthe model's prediction. However, the
three main dimensions (i.e. job demands, contrdlsatial support) were associated with an
additional resource considered in the study, vailability of human and technical resources.
It is thus tempting to speculate that adequatelahidly of these resources may have
accounted for ATCs’ perception of an active/pasgmesituation. More especially, when this
kind of resource is available in the work enviromiié@ may enable more efficient control,
thereby providing a better match of high job densand

This interpretation was favoured by the findingsittipsychological demands, and
technical and human resource availability weredrattea high level throughout the shift, and
that both measures were correlated on shift-begghand on shift-end. Co-worker support
was also rated at a high level throughout the simft significantly associated with technical
and human resource availability. These finding ianportant as social support has been
repeatedly reported to be associated with safatyptiance and behaviour (let al, 2013 ;
Lin et al, 2012), that are essential for ATC.

On the other hand, job-perception did not notalalgy\between shift-phases and work-
family interferences were low on contrary to ouedictions. In order to further establish the
interests of the methodology developed in this wtadd the relevance of considering
additional resources in job perception researchpevéormed a second study in operators also
working in the field of aeronautics (satellite camt} but according to a three-shift system. For
the reasons outlined above, variations in workl@@gective or subjective) are indeed most
likely to occur between shifts even though they Mawt necessarily occur within the same
shift.

Experiment 2: Within- and between-shift variations of workload, job-perception,
and alertness

A second study aimed to test several issues rdugdtie previous study. First, it was
important to establish whether the reported resfatertness and performance decreases
across the shift) were specific to the job-situatimder investigation or whether they could
be generalized to other job-situations involvinghhworkload on shift-beginning, as has
been reported for other load measures during sigi@nvof a dynamic process (Andorre &
Quéinnec, 1998; Carioet al, 2008). Second, it was not clear from the previstudy why
job-perception remained stable throughout the @hittontrast to significant changes across
the shift of other psychological measures. If thesevved alertness and performance
decreases were the result of well-documented fadtmiuding high workload on shift-
beginning, prior sleep loss (Caldwell, 1997; Getiyal, 2010, 2012; Galy & Mélan, 2013), or
on-shift time (Tuckeet al, 1996, 1998; Mélaet al, 2007), job-perception might have been
expected to vary in a similar way. Third, operateese on duty only during the day in the
test flight control centre, so that it was stilltndear whether and to what extent job-
perception varies between work-shifts as a functowrinstance of staff, work organization,
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or circadian influences (Ruthenfraatal, 1977; Folkard & Tucker, 2003; Gagy al, 2008;
Mélan & Galy, 2012).

Operators (n=8) patrticipating in the second figledyg were satellite controllers, aged
between 28 and 59 (mean age 45.7). They workee sirdts: A morning-shift starting on
07:00 and ending on 12:00 or 16:00, an afternoadf-stiarting either on 12:00 or 16:00 and
ending on 21:00 and a night-shift (21:00 to 07:00)e same procedure and methodology
were used than in the previous experiment. Brid¢flsge recordings were performed on each
shift (1h following shift-beginning, middle of trehift and 1h prior shift-end), except for the
5-h day-shifts where only two recordings were penked. Due to the particular shift-
scheduling system, we compared the data colleateédglthe night-shift to those recorded
on the day-shifts (pooling data from the morningl afternoon-shifts). Workload was
assessed on three (two on short day-shifts) 1-lpmriods by a job activity index
corresponding to the sum of activities performeldo(ee calls, alarms, supervisory activity,
archiving activity), and by the job-perception dimsnaire. On each recording they also
completed Thayer’s adjective check-list, and pened the working memory task in the
conditions of low intrinsic load (low difficulty)ssociated with either low or high extraneous
load (high or low time pressure), described in expent 1. Cognitive load in the
experimental task was assessed by objective meagasponse latency, number of correct
responses) and by subjective measures (mentat, gfeoceived task difficulty, time pressure,
and task commitment). For the latter, participamése asked to rate 10-cm visual analogue
scales following completion of each task condition.

Skewness and Kurtosis tests indicated a normatilgision of the data for most
variables, except for tension ratings and for jotivity which were therefore discarded from
the parametric analyses. Analyses of variance wth repeated measures investigated the
effects of shift (day-shift vs. night-shift), antishift-phase (shift-beginning, shift-middle and
shift-end), and more especially interactions betwtee two factors. Correlation analyses
with Pearson’s test explored the putative relatigys between work activity (real-job
activity and job-perception) cognitive performara@d alertness, separately on each shift-
phase of the day- and night-shifts.

- Analysis of Thayer’s questionnaire indicated sigaift higher alertness on day-
shifts M=2.56, sd=.37) compared to night-shiftdE2.04, sd=.47; F[1,6]=7.29,
p<.04). A significant quadratic trend of shift-pha$¢1,6]=6.00,p<.05) was also
observed. Table 1 shows that alertness was highshift-beginning compared to
the two remaining recordings of the shift, but post comparisons were not
significant. No interaction occurred between the tactors.

- Analysis of working memory performance revealedhezian effect of shift, nor an
interaction between shift and phase of shift. Hosvew significant effect of shift-
phase occurred for response latency when botmsntriand extraneous load were
low (F[1,6]=8.94; p<.03). Though post-hoc tests were not significdable 1
indicates decreasing response latencies and thresasing task performance across
the shift. Operators’ perceived task difficulty 1F§]=6.41,p<.04) and mental effort
(F[1,6]=13.65; p<.01) also varied across the shift. Post-hoc téstiscated a
significant higher perceived effort on shift-end mgmared to shift-beginning
(p<.03), and a decreasing but non-significant tremd ferceived difficulty. No
significant effect or interaction was observedtfe number of correct responses.
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Table 1: Operators’ alertness, working memory pemémce and job activity on each shift-
phase. For each variable the meahand standard deviatiord| are indicated, followed by
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thep-value of the ANOVA (* non parametric comparison).

Measure Shift-beginning |Intermediary | Shift-end p
M (sd) shift-phase M (sd)
M (sd)
Jhayers | Alertness index 271(39) | 1.99(45)  2.19(40) .05
Response latency
Working (ms) 2585 (.338) 2344 (.247) 2264 (.271) .03
Memory Task | Perceived difficulty 7.07 (.62) 6.09 (.80) 5.715)5 .04
Perceived effort 4.81 (.67) 5.35 (.88) 5.43 (.73) .01
Job activity:
-Day-shifts Activity index 1.71 (2.61) 3.83 (3.06) 1.57 (1.53) .05*
-Night-shifts Activity index 1.67 (1.50) 0.50 (.54) 3.66 (7.55) NS
Physical deman 1.84 (.15) 1.96 (.13) 2.06 (.20) NS
Psychol. demani 2.05 (.23) 1.87 (.17) 1.74 (.12) NS
Job Autonomy 3.65 (.27) 3.20 (.33) 3.27 (.30) NS
perception Skill dis_cretion 3.02 (.21) 3.00 (.20) 2.92 (.16) NS
questionnaire Supervisor suppc 1.57 (.22) 1.39 (.11) 1.50 (.18) NS
Cc-worker support 2.10 (.21) 1.64 (.21) 1.65 (.15 6 .0
Work-Family conflict 1.54 (.32) 1.48 (.32) 1.52 (.33) SN
Resource availabili 3.30 (.21) 3.15(.29) 3.04 (.31) NS

Real-job activity showed important inter-individuadriations as expressed by high
standard deviations (table 1), in particular on ¢nel of the night-shift where an
alarm was triggered repeatedly. Non parametric yaiglwith Friedman’s test
revealed nonetheless significant differences acdmsshifts (W=6.99,p<.05),
with significant higher activity levels on the mlddhan on the beginning of these
shifts (post-hoc Wilcoxon test: Z=2.20<.03). Comparisons on each shift-phase
further revealed a significant higher activity imden the middle of the day-shifts
compared to the night-shift (Z=2.215.03).

As shown by table 1, job perception remained fagigble across shift-phases.
Overall, resources (autonomy, skill discretionprese availability) were rated at a
higher level than job-demands (physical and psyatiocal demands, work-family
interferences). Statistical analyses revealed annediect of shift for all the
dimensions investigated except for work-family rfeeences (table 2). Thus,
psychological demands (F[1,6]=5.1<.06), skill discretion (F[1,6]=31.94,
p<.001), social support (supervisor F[1,6]=9.%%.02; co-worker F[1,6]=7.04,
p<.04) and availability of technical and human reses (F[1,6]=8.31p<.03) were
higher on day-shifts. A shift-phase x shift intdérac for physical demands
(F[1,6]=10.75, p<.02) indicated that these demands were only on t4sigifis
perceived as being lower on the beginniMyF1.67,sd=.10) than on the middle
(M=2.00,sd=.90; p<.002) and end of shiftM=2.28,sd=.31; p<.07). No effect of
shift-phase was observed for either job dimensexeept for a marginal effect of
co-worker support (F[1,6]=5.74<.06), that was higher, though non significantly,
on shift-beginning (2.11) than on the rest of thit£1.64 and 1.65 respectively).

In addition, interesting relations occurred betwésn different dimensions of job
perception, as indicated by significant positiverelations between perceived
physical and psychological job demands on the Iéggnand end of day-shifts
(respectively r=.74p<.04; r=.75,p<.03), and on the middle and end of night-shifts



(respectively r=.85p<.007; r=.77 p<.03). On the beginning of day-shifts physical
demands and resource availability were both assatiavith work-family
interferences (respectively r=.78, p<.03; r=.4%.02). On this shift-phase,
perceived autonomy showed a positive relation siili expression (r=.72)<.05)
and a negative relation with work-family interfeces (r=-.73p<.04). Further, on
night-shifts, co-worker support was associated lilgsical and psychological job
demands on shift-middle (respectively, r=.78<.03; r=.83, p.01) and with
supervisor support (r=.8§<.003) on shift-end. On the latter shift-phase,hbot
kinds of social support were also associated wadource availability (supervisor
support: r=.82p<.01; co-worker support: r=.9%<.001). Furthermore a positive
relation occurred between supervisor support ank+family conflicts on shift-
middle (r=.86,<.006) and shift-end (r=.8p<.01).

Table 2: Operators’ job perceptiod{/-sd) on day-shifts and night-shifts, followed by the
p-value of the ANOVA.

Day-shifts Night-shifts p
Psychological demands 2.04 (.18) 1.70 (.17) .06
Skill expression 3.21 (.20) 2.75(.16) .001
Supervisor support 1.65 (.17) 1.32 (.16) .02
Co-worker support 2.14 (.27) 1.46 (.11) .04
Resource availability 3.34 (.28) 3.00 (.22) .01

- Correlation analyses between the different measimdgcated that alertness was
negatively correlated with response latencies envtlorking memory task (high external
load) on the beginning of day-shifts (r=-.4%.03), and positively with the perceived
effort during task completion on the beginning ajht-shifts (r=.81, p<.01), indicating
that task performance increased with alertnessh ldigrtness was also associated with
low perceived physical job demands on the end gpidlafts (respectively, r=-.7H<.02)
and with low psychological job demands on the beigig of night-shifts (r=-.72p<.04).

In summary, operators in the present experimenglayed higher alertness on shift-
beginning than on later shift-phases, both on defgssand on night-shifts. This then
indicates that a decreasing alertness profile adiwes shift is not limited to day-shifts. At the
same time, operators perceived physical job demasdseing significantly lower on the
beginning of the day- and night-shifts comparedhi® remaining times of the shifts. This
impression was confirmed by the finding of sigrafit lower real job-activity on shift-
beginning compared to shift-middle. In addition,gatve correlations were observed
between alertness and job-demands (end of dayshiitl beginning of the night-shifts).
Taken together, these findings would then indidheg in this field study perceived and
effective job demands were high when operator$-reglorted alertness was low. Hence, in
the previous study high job demands were signiflgaassociated with high cognitive
performance and alertness on shift-beginning.

Thus, a different profile emerges for the two jafortions, indicating that finely-tuned
and temporally situated investigations of workl@&d most probably specific to a given job
situation (Siegrist, 2010). This may be attributedhe characteristics of the work activity,
with a high-load event systematically scheduledsbift beginning for air traffic controllers
(control of a test flight), enabling anticipatiord this workload as expressed by higher
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alertness and cognitive performance, as well aassociation between task demands and
resources in the work environment. In contrastels@ control involved a supervisory
activity all over the shift, and throughout thefskid operators perceive resources as being
higher than job demands. According to Karasek’s eh¢theorell & Karasek, 1996) satellite
control thus could be characterized as a low-swairelaxed job situation. Furthermore, both
job activity (perceived job demands and real-jobivég) and alertness were higher on day-
shifts than on night-shifts. Correlatively, job oesces were also perceived as being
significantly higher on day-shifts. These resulisrt stress the interest to take into account
organizational factors, i.e. shift and shift-phasegrder to investigate in detail workload in a
given job-situation.

Elsewhere, results obtained in the working memask tappeared to be contradictory,
at least at first sight. Indeed, task performamoegased across the shifts in agreement with
decreased perceived task difficulty, however, gqgorted mental effort to perform the task
increased across the shift. The former effects beafavoured or generated by the procedure
involving three repetitions of the task on a giwdift. Though on each occasion items were
presented in a different order it may not be exetuthat decreasing response latencies and
perceived task difficulty are the result of a leaghprocess. Conversely, improved task
performance could result from a more marked efioovided by operators while performing
the task later on the shift, and this more espgcial alertness decreased precisely by the end
of the shift while physical work demands were ias@d. In this case, the results confirm
previous studies reporting a significant relati@teen cognitive performance and alertness
only in more demanding task conditions (Méédral, 2007; Galyet al, 2008, 2012).

Discussion

One of the major contributions of the field studieported here is the finding of
significant relationships between operators’ fumadl state (alertness) and workload (real-job
activity, perception of work demands). Further,Hopérceived job-demands and job-resources
were significantly higher on day-shifts than onhtighifts. These are important findings as
they indicate that subjective measures like thelte®f the job environment questionnaire
used in the present studies confirm the decremdmbay functions typically reported during
the night. It is now widely accepted that the bgib@l constraints imposed during night-work
may have deleterious effects on workers’ perforreaanad health (Costa, 1996). Therefore the
work organization may notably differ between thdfedent shifts in a number of job-
situations, including air traffic, hospital care. by, limiting the number of consecutive night-
shifts, but also by reducing the staff members aty dluring the night (decreased social
support, control and resource availability), anel $kheduled tasks on night-shifts in order to
decrease employees’ workload (decreased perceigdddemands; Cavallet al, 2002).

A second important finding was the demonstratioaroflertness decrease across day-
shifts in air traffic controllers, and across dapd night-shifts in satellite controllers. Hence,
alertness would be expected to increase acrostathes has been systematically reported in
controlled laboratory conditions and several redl-gettings (Akerstedt, 2007; Dawson,
2012; Folkard & Tucker, 2003; Galy et al., 2008)e¥e findings then lend further support to
previous studies suggesting that in some job situstat least operators may anticipate high
demands on shift-beginning (Andorre & Quéinnec,8IRariouet al, 2008). The findings
that on shift-beginning alertness and working megnparformance were highest in air traffic
controllers correlatively to significant higher peived psychological demands favour this
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interpretation. We suggest in agreement with Galyal’'s model (2012) that mental load
measures most probably reflect some specific civgngirocess involved in the task/work-
activity a subject has to perform, whereas alegtnesuld refer to mental resources available
to perform a task (Wickens, 2008). Accordinglyméntal resources are low (at shift-end in
the reported studies), then performance would bésdecreased, what was indeed observed
in the first experiment. Hence, while in the secageriment operators’ alerthess was
indeed positively associated with working memoryf@enance, it was negatively correlated
with job demands. From this point of view, the angation of control activities across the
shift and the resulting and perceived job demahdghést in shift-middle) did not match the
time-course of participants’ resources in this gtuation. This kind of observations may
then allow to organize job tasks in order to finthedter match between job demands and
resources issued from the participant (i.e. alegnéor instance) and from the work
environment. Alternatively, perceived co-worker gog was higher on shift-beginning and
may have influenced the perception of work demandbkat operators perceived lower job
demands on that shift-phase. The present data fmtyeerception of the work environment
over a short time-period (i.e. one hour prior rgtihe questionnaire), and might therefore be
strongly dependent on the job-situation consideasdas been suggested by Siegrist (2010).
Clearly, further investigations including a largeumber of participants are necessary to
elude these questions.

Elsewhere, dimensions or measures representing stfordful process (i.e. physical
and psychological job-demands, work-family integfezes and tension) were positively
associated with each other and negatively with dsmas or measures that relate to
resources in the work environment (i.e. technicad dauman resource availability, social
support, and control). Conversely, those dimensimmesenting resources in the work
environment were in turn correlated with each otAeroherent picture emerged from these
findings and both job situations have been inteégorén line with the job-strain literature as
low strain or passive/active job situations. Theufts raise the possibility that resources as
defined in Karasek’s model (i.e. control and co+esrsupport) may possibly be extended to
additional types of resources in the work environtmge. technical and human resource
availability), as has been suggested by others K@adt al, 2005). Likewise, additional
demands have been documented by the present studiesork-family conflicts, a central
concept of Greenhouse and Beutel’s model (1985).

Alertness has also been considered in the presardiges as an additional resource of
an operator in her/his work environment. Theorefid aKarasek include alertness
requirements on contrary among psychological jabateds (1996, p.10). “Psychological job
demands, that measure mental workload and alertrexpsirements (but not physical
demands), include qualitative but also quantitatieenands of work loads and demands of
interpersonal interactions”. Our data also strdss importance of physical demands in
addition to psychological demands, as has beesssgiepreviously by others (Roquelaate
al., 2007). More especially physical job demands nediect fatigue, which has been shown
elsewhere to be predicted by high work demands rgk&dtet al, 2004). More generally,
work stressors, including demand and autonomy, Hsen shown to be related to the
frequency of occupational injuries and near-migstsmsmingway & Smith, 1999; Goldenhar
et al, 2003).

Conclusion
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The tools developed for the field studies reporitedhe present contribution were
derived from different research fields and includsabjective and objective workload
measures. Like other subjective tools, these quastires may more readily be used in field
studies, are cheaper and less time-consuming theordings with physiological devices.
They enabled in particular a finely-tuned descoiptof workload on different shift-phases
and on different shifts in two different job sitioats. They also provided a broader view of
those features that may represent resources inven givork-situation. Moreover, the
theoretical concepts developed in the job-strairdet® have been adequately applied to
explore this more focal job-perception in speomiark-situations.

It may, however, not be excluded that these tomsdt provide an exhaustive picture
of an individual’'s resources at work. Indeed, &rss plausible to include in future studies
additional dimensions, assessing in particular vatitbtnal aspects, but also job experience
and age. Accordingly, investigations based onrieshodology should enable defining more
accurately demands in a person’s work environmard, allow prompting recommendations
in order to organize tasks most efficiently accogdio the specificities of a given shift. This
should allow meeting more accurately job demandsawyiding overload and underload
across shift-phases, more especially in safetya@lgob-situations (Flatleyt al, 2004;
Folakrd & Lombardi, 2006; Folkard & Tucker, 2003).
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