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Abstract Aging is accompanied by changes in sensory, mo-
tor and cognitive functions. Particularly, a high status of so-
called fluid cognitive functions is crucial for the employa-
bility at an older age. This status, which can be assessed
by psychometric and neuroimaging methods, depends on a
number of factors like physical constitution, nutrition, edu-
cation and work demands. This paper systematically analy-
ses factors affecting cognitive functions in aging and reviews
current neuroscientific findings regarding training induced
neuronal plasticity and compensation of cognitive declines
in aging. In the second part the relationship between cogni-
tive functions and the type of work will be discussed and the
project PFIFF presented as an example for transfer of neuro-
scientific basic research to an applied context that aimed at
ameliorating and evaluating age- and job-related cognitive
deficits. The results of the first project period showed that
cognitive decline, as revealed in behavior and brain wave
data, may be accelerated by long-lasting unchallenging work
and, hence, may occur already in middle age. In the sec-
ond part of PFIFF a 3-month program consisting of a su-
pervised cognitive training was implemented in a group of
120 assembly-line employees. Before and after the training
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a comprehensive battery of psychometric and EEG-based
tests was administered. The results provide evidence that
training in older employees with repetitive work improves
impaired cognitive abilities and brain processes found in the
first part of the project. These beneficial effects are appar-
ently mediated by preserved brain plasticity in middle-aged
and older individuals. This training approach appears to be
suitable in order to improve mental fitness of elderly em-
ployees. The PFIFF project can be seen as a part of a com-
prehensive program for promoting mental fitness in older
employees.

Keywords Aging - Work - Cognition - Training - Cognitive
neuroscience - Neuronal plasticity - ERP

Neurokognition des Alterns im Arbeitskontext

Zusammenfassung Alter geht mit Verdnderungen sensori-
scher, motorischer, und kognitiver Funktionen einher. Insbe-
sondere ein guter Status von sogenannten fluiden kognitiven
Funktionen ist kritisch fiir die Beschiftigungsfihigkeit von
dlteren Arbeitnehmern.

Der Status, der mit Hilfe von psychometrischen Tests
und neurowissenschaftlichen bildgebenden Verfahren un-
tersucht werden kann, hidngt von einer Reihe von Fakto-
ren ab, wie Erndhrung, Ausbildung und die Art der Arbeit.
Der Artikel analysiert systematisch Faktoren, die kogniti-
ve Funktionen im Alter beeinflussen und liefert eine Uber-
sicht iiber die aktuellen neurowissenschaftlichen Erkennt-
nisse im Bereich der Neuroplastizitidt und Kompensation im
Alter. Im zweiten Teil des Artikels wird der Zusammen-
hang zwischen kognitiven Funktionen und dem Arbeitstyp
beleuchtet und das Projekt PFIFF prisentiert, das ein Bei-
spiel fiir eine erfolgreiche Ubertragung der neurowissen-
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schaftlichen Grundlagenforschung auf den angewandten, ar-
beitsbezogenen Kontext darstellt. Ziel des Projekts ,,PFIFF*
war es, alters- und arbeitsbedingte kognitive Einbuflen &l-
terer Beschiftigter mit verhaltens- und neurowissenschaft-
lichen Methoden zu analysieren, und Maflnahmen zur Re-
duktion moglicher Defizite zu erarbeiten. In der ersten Pha-
se konnte gezeigt werden, dass kognitive Beeintridchtigun-
gen und Verinderungen von Hirnfunktionen durch langjih-
rige, monotone Arbeit beschleunigt werden und bereits im
mittleren Erwachsenenalter auftreten konnen. In der zweiten
Phase wurde bei 120 Teilnehmern mit monotoner Monta-
gearbeit ein trainergefiihrtes kognitives Training iiber einen
Zeitraum von drei Monaten durchgefiihrt. Vor und nach
dem Training wurde eine umfangreiche Batterie psycho-
metrischer und EEG-basierter Tests durchgefiihrt. Die Er-
gebnisse zeigen, dass das Programm beeintréichtigte kogni-
tive Funktionen und Hirnprozesse verbesserte, die im ers-
ten Teil des Projektes gefunden wurden. Offensichtlich wird
der Effekt durch noch im mittleren und héheren Alter beste-
hende Hirnplastizitéit vermittelt. Mit diesem Trainingsansatz
lasst sich also die mentale Fitness &lterer Beschéftigter ver-
bessern. Insgesamt kann das Projekt PFIFF als Teil eines
umfassenden Ansatzes zum Erhalt und zur Foérderung der
mentalen Gesundheit élterer Arbeitnehmer verstanden wer-
den.

Schliisselworter Alter - Arbeit - Kognition - Training -
kognitive Neurowissenschaft - neuronale Plastizitit - EKP

1 Demographic change and work

Apart from a lower birth rate that shifts the ratio of young
vs. old people, the demographic change includes also an
increase of the lifespan. Consequently, the average age of
workforce increases continuously (Ilmarinen 2006). How-
ever, this progress is problematic for a number of reasons.
There is a shift in the general working demands: whereas
hard physical work successively decreases, psychological
demands of work clearly increase. Monotonous and non-
self-paced work is often accompanied by higher compe-
tition, time pressure and increasing worry about job loss
(Flake 2001; Lenhardt 2005). The follow-up costs emerging
from such psychosocial factors are meanwhile higher than
those arising from physical work-related diseases (Sockoll
2009). Moreover, there are considerable changes in the psy-
chological constitution with increasing age (Baltes and Graf
1996). Thus, there is an open question about the impact of
burdensome working environments on mental health and
fitness in middle-aged and elderly employees, and which
interventions are suitable to slow down psychological ag-
ing and to enhance the employability of the elderly work-
ers.
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2 The course of psychological functions across the
lifespan

All human behavior and each occupational activity is a
product of several sensory, cognitive, motor and emotional-
motivational functions. These functions are implemented by
neuronal and hormonal mechanisms within the central ner-
vous system (CNS). The development of these functions
proceeds very differently: whereas the sensory and mo-
tor functions maturate during childhood, cognitive and hor-
monal functions maturate at puberty, while the development
of some of the executive or cognitive control functions may
well continue throughout adolescence (see Blakemore and
Choudhury 2006, for a review).

The age-related alteration of these functions also pro-
ceeds in a very different manner: sensory functions like see-
ing and hearing decline with age already early, which ham-
pers perception and verbal communication (Pichora-Fuller
et al. 1995; Baltes and Lindenberger 1997). Changes of
cognitive functions and in particular the starting point and
speed of their age-related change strongly depend on the
type of the function (Fig. 1). In order to categorize differ-
ent cognitive dimensions, it is helpful to go back to the
model of fluid and crystallized intelligence proposed by
Cattell (1963) adapted later to aging research by Baltes
(1987). Crystallized intelligence is the ability to use skills,
knowledge, and experience. It should not be equated with
memory, but it depends on accessing information from
long-term memory. Crystallized abilities rely on accumu-
lation of knowledge (Baltes 1987; Staudinger and Hei-
demeier 2009) and are relatively robust and remain un-
changed or even improve in higher age. Only after consid-
erable deterioration of long-term memory crystallized abili-
ties also get affected. Social skills, e.g. reasoning about so-
cial conflicts, improve with increasing age (Grossmann et
al. 2010). In contrast, fluid intelligence represents the ca-
pacity to think logically and solve problems in novel situa-
tions, largely independently from acquired knowledge. The
primary role of fluid intelligence is the planning and im-
plementing of goal-directed behavior, and the flexible cop-
ing with new and unexpected situations. Fluid intelligence
subsumes a number of cognitive abilities like short-term
and working memory, spatiotemporal orienting, selective
and divided attention, speed of processing, search for in-
formation in the environment, inhibition of pre-potent re-
sponses or irrelevant information, error perception, multi-
tasking or task switching. Nearly all of these functions show
an age-related decline (West 1996; Baltes and Lindenberger
1997; Baltes and Lindenberger 1988; Madden et al. 1999;
Craik and Salthouse 2000; Kray and Lindenberger 2000;
Raz 2000; Falkenstein et al. 2001; Verhaeghen and Cerella
2002; Gazzaley et al. 2005; Kramer and Madden 2008;
Salthouse 2009; Hahn et al. 2010). However, the decay of
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Fig. 1 The course of crystallized and fluid cognitive functions across
the lifespan adapted from Baltes (1987) basing on the theory of intelli-
gence proposed by Cattell (1963). The black solid curve indicates im-
provement of crystallized abilities like language and knowledge. The
black dotted curve reflects age-related decline of fluid cognitive func-
tions like working memory, attention, speed of processing, etc. The
slim dotted limiting curves indicate the large interindividual variability

fluid functions is extremely different among individuals,
and some individuals preserve a high level of fluid func-
tions until very old age (Hultsch and MacDonald 2004).
The dotted limiting lines in Fig. 1 indicate the large in-
terindividual variability of the time course of fluid intelli-
gence.

Taking together, aging is characterized by stable or even
improved crystallized and social abilities, an early decline
of sensory functioning and a somewhat later decline of fluid
cognitive functions, the latter showing a huge interindivid-
ual variability. Most of the fluid functions are highly relevant
for daily life and occupation, particularly in complex and
highly demanding environmental situations which require
fast information analysis, decisions and responses, such as
driving in complex situations (Falkenstein and Poschadel
2008). Impairments of sensory functions can be eliminated
or reduced by using technical adjuvants. However, the use of
technical tools to eliminate or compensate cognitive deficits
is to date not possible. On the other hand, the large vari-
ability in the fluid functions between individuals points
to factors that could possibly be manipulated to improve
these functions. Thus, extraction of factors that affect cog-
nitive processing is one of the main areas of cognitive
aging research. Moreover, investigating protective factors
against decline, methods for compensation and interventions
to improve fluid cognition in elderly workers plays a cru-
cial role for the work quality and employability in older
age.

of the fluid functions with increasing age. The fat, punctured black
curve reflects continuous improvement of social competencies with
age, adapted from Grossmann et al. (2010). The gray solid line in-
dicates the course of sensory functions (vision and hearing) adapted
from Baltes and Lindenberger (1997). The gray dotted curve indicates
a hypothetical course of motor functions like motor speed and motor
skills

3 Neuronal plasticity and compensation in aging

As outlined above, there is little doubt that there are substan-
tial and reliable age-related declines on measures such as
speed of processing, attentional processes, executive func-
tions, episodic memory and fluid intelligence in general
(West 1996; Raz 2000; Salthouse 2009). Despite the pio-
neering idea that the brain and its functions are not fixed
throughout adulthood which was proposed already in 1890
by William James (1890) in The Principles of Psychology,
this issue was largely neglected and it has been assumed
for a long time that cognitive declines are inevitable and
the aging brain is not capable anymore to change the neu-
ronal structures or functions. This view was initially sup-
ported by neuroanatomical and functional deficits: the vol-
ume of key brain structures and the integrity of white mat-
ter connections decrease with age which was directly re-
lated to cognitive deficits (e.g. Flood and Coleman 1988;
Gur et al. 1991). However, later reports showed that the cog-
nitive decline in elderly is not unequivocally associated with
singular changes like shrinkage of the brain volume (Van
Petten 2004; Van Petten et al. 2004), white matter atrophy
(Bartzokis 2004), neuron loss (Morrison and Hof 1997) or
synapse loss (Masliah et al. 2006), as originally assumed.
Multiple sources or their interaction are better suited to ex-
plain the cognitive decline in aging. This helps to under-
stand which neuronal components are involved in a particu-
lar cognitive function and how these components can be af-
fected to modify the cognitive system. In recent years there
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is an increasing interest in factors that can ameliorate the
cognitive and brain aging (see Greenwood and Parasuraman
2010 for review). The starting point of these considerations
was the observation of the huge interindividual differences
in the cognitive performance in elderly (Hultsch and Mac-
Donald 2004). These can either be due to genetic differ-
ences (e.g. APOE: De Blasi et al. 2009; BDNF: Gajewski
et al. 2011; FGF20: Lemaitre et al. 2010; or TNF-alpha:
Baune et al. 2008) or rather by different amounts of cog-
nitive reserve (Stern 2009), that is protection against de-
cline offered by a history of social and cognitive engage-
ment. The cognitive variability in older age is apparently a
result of many different experiences and influences across
the life history (Bielak et al. 2007; Stern 2009). For ex-
ample, a long education during childhood has a preven-
tive effect on cognitive decline (Colsher and Wallace 1991)
and significantly influences brain activation also in old age
(Springer et al. 2005). Interindividual differences may also
be due to differences in the ability to adapt and to com-
pensate deficits by increased activation of additionally re-
cruited neuronal networks (Grady 1996; Grady et al. 2005;
Spreng et al. 2010). A number of studies (Cabeza 2002;
Cabeza et al. 2002; Davis et al. 2008; Reuter-Lorenz et al.
2000; Park and Reuter-Lorenz 2009) showed a bilateral acti-
vation of prefrontal cortex in elderly, whereas young partic-
ipants’ activation pattern was unilateral. Most importantly,
Cabeza et al. (2002) showed that bilateral prefrontal activa-
tion was seen only for high-performing old subjects, sug-
gesting a recruitment of additional prefrontal brain areas
to compensate cognitive decline and to maintain the same
level of performance as in young people. According to the
evolutionary principle of behavioral and neuronal adapta-
tion, recruitment of additional brain areas implicates neu-
ronal plasticity that is induced whenever the neural system
is confronted with difficult or new situations and when pre-
viously established behavioral repertoire is not sufficient to
manage the environmental requirements. This supports the
notion that novel experiences stimulate processes of neural
plasticity mediated by gene expression that in turn enhances
cognitive processing (Rampon et al. 2000) even in older age
(Swaab and Bao 2011). The association between experience
and neural plasticity has been repeatedly reported both in
animal and human studies (Arendash et al. 2004; Bhard-
waj et al. 2006; Curtis et al. 2007; Eriksson et al. 1998;
Frick and Fernandez 2003; Kempermann et al. 1997; Mil-
gram et al. 2006). New experiences or managing of com-
plex situations are a form of learning which are accompa-
nied by synaptic plasticity (Whitlock et al. 2006) and neu-
rogenesis (Pereira et al. 2007). It has been also shown that
synaptic loss in elderly is reversible by a number of activi-
ties (Greenwood 2007) which has important implications for
the current issue. This highlights the role of new experience
and learning to enhance the cognitive reserve (Stern 2009)
and to preserve intact fluid cognitive abilities in old age.
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4 General factors affecting cognitive functions in aging

As outlined in the previous chapter, recent research shows
that older brains are capable to neuronal and cognitive plas-
ticity. Neuronal plasticity can be stimulated by environmen-
tal requirements which enhance fluid cognition. This sug-
gests an interaction between environment and the brain as
a consequence of adaptation. The most consistent improve-
ments of fluid cognition in older age were found in studies
investigating effects of physical aerobe exercise across sev-
eral months (Colcombe and Kramer 2003; Colcombe et al.
2004; Erickson et al. 2011; Klusmann et al. 2010; Kramer
et al. 1999, 2006; Kramer and Erickson 2007; Voelcker-
Rehage et al. 2010, 2011; see also Hillman et al. 2008 for
review). Colcombe et al. (2004) found particular improve-
ments of so-called executive functions and working mem-
ory, i.e. fluid functions, after 6 months 3 times per week
and 45 minutes per session. Acute effects of exercise on the
working memory were also shown already 30 minutes af-
ter the exercise (Pontifex et al. 2009). There are a number
of mechanisms which are involved in the beneficial effects
of exercise on cognition. These are neurogenesis and vol-
ume increase of the hippocampus, a brain area strongly as-
sociated with learning and memory (Erickson et al. 2011;
van Praag et al. 1999, 2005), enhanced synaptic plasticity
(Pereira et al. 2007) induced by several neurotrophins like
BDNF (brain-derived neurotrophic factor, Erickson et al.
2008, 2010) or increase of cerebral blood flow (Burdette et
al. 2010). It is likely that these factors interact with each
other or are preconditions of some of them (Lessmann et al.
2003).

The second factor which affects brain activity and indi-
rectly cognitive processing is dietary restriction and nutri-
tion. It has been shown that dietary restriction extends the
lifespan, reduces age-related diseases (Walford et al. 1999)
and enhances memory function (Witte et al. 2009). Regard-
ing nutrition, some reports indicated a beneficial effect of
resveratrol, a natural polyphenol abundant in grapes and red
wine on the health (see Baur and Sinclair 2006 for review).
On the contrary, high-fat diet reduces neuronal plasticity in
hippocampus and accelerates cognitive deficits (Greenwood
and Winocur 2005; Wu et al. 2008). Furthermore, a num-
ber of vegetables, fruits and food containing unsaturated
fatty acid like fish have a positive effect on fluid cognition
(Falkenstein 2008; Kang et al. 2005).

Finally, non-physical training also increases brain plas-
ticity by cognitively challenging extracurricular activities
like complex parlor games, dancing or playing an instru-
ment (Elbert et al. 1995; Verghese et al. 2009). Another
possibility is formal cognitive training that focuses on one
domain only, for example memory (Jaeggi et al. 2008), at-
tention (Green and Bavelier 2003), visual search (Becic et
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al. 2008), dual task (Bherer et al. 2005) or task switch-
ing (Karbach and Kray 2009). In most studies the train-
ing effects were restricted to trained function and did not
transfer upon other functions (e.g. Willis and Schaie 1986,
Willis et al. 2006) while some reports showed also trans-
fer effects upon non-trained activities (e.g. Ball et al. 2007,
Cassavaugh and Kramer 2009; Caserta et al. 2007; Ed-
wards et al. 2009; Gopher et al. 1994; Karbach and Kray
2009). However, this can also be due to an implicit in-
volvement of non-explicitly trained functions in the trained
function (see Kramer and Morrow 2008). As a consequence
from the training literature it appears beneficial to conduct
a training that involves several fluid functions relevant for
work and daily life. In fact, it has been found that train-
ing of a complex video game improved different cogni-
tive functions (Basak et al. 2008). In a recent study con-
ducted by our group (Gajewski et al. 2010a), 150 partici-
pants were randomly assigned to one of four groups: phys-
ical, cognitive and relaxation training, or a control group.
Participants were trained 4 months, two times per week
and 90 minutes per session. The results clearly show im-
provements in the cognitive training group that received a
multilayered paper and pencil and PC-based training. How-
ever, these improvements were restricted primarily to the
accuracy or enhanced probability to memorize or detect
target stimuli. These improvements were associated with
changes of event-related brain activity (see below) after
training.

5 Cognitive functions and the type of work

Long-term cognitive engagement has a beneficial effect on
cognition by protecting age-related decline or enhancing
compensatory mechanisms (Hultsch et al. 1999; Schooler
and Mulatu 2001; Schooler et al. 1999; Singh-Manoux et al.
2003; Wilson et al. 1999). Challenging work represents such
an important cognitive stimulation (Alvarado et al. 2002;
Bosma et al. 2002; Marquié et al. 2010; Wild-Wall et al.
2009) which considerably reduces the risk of dementia in
older age (Andel et al. 2005; Lee et al. 2010; Stern et al.
1994; Swaab and Bao 2011).

In a longitudinal study Schooler et al. (1999) investigated
effects of complex and cognitive demanding work on cogni-
tive performance across 20 years. The authors showed that
demanding jobs improved cognitive performance, particu-
larly in older employees. Potter et al. (2008) observed a sim-
ilar beneficial effect of demanding work in a sample of about
1000 older workers across a time range of 7 years, whereas
tedious physical job demands tended to impair cognition in
the workers regardless of age, intelligence and education.

Furthermore, in a recent longitudinal study Marquié et al.
(2010) analyzed performance in cognitive tasks as a func-
tion of cognitive work demands in about 3000 workers. The

authors could show that the more cognitively stimulating
the work the higher the scores in tests of episodic mem-
ory, attention and speed of processing, and the more favor-
able the change of these functions over a 10-year follow-
up. High cognitive stimulation at work made the employees
even smarter over the ten years than worse.

These findings suggest that intellectually stimulating
work may prevent decline or even improve cognitive func-
tions with increasing age. A simple and effective method
to enrich the working environment and prevent monotony
is rotation of work places and job assignment. For exam-
ple, Frieling and Weichel (2008) showed that rotation of job
tasks enhanced the employability and problem solving in
older individuals.

Shift work and night work have several consequences on
the human’s health due to atypical biological times. Work-
ers, exposed to shift and night work, have a higher risk for
unfavorable alterations of hormones, hypertension, coronary
heart disease and cancer (see Costa 1996 for an overview).
A phase shift as experienced in night and rotating shift work
involves de-synchronization at the molecular level in the
circadian oscillators in the central nervous system and in
most peripheral tissues of the body (Haus and Smolensky
2006). The disturbance of the circadian rhythms affects also
fluid cognitive functions. Findings obtained by Ansiau et al.
(2008) showed that physical activity and work between 10
pm and 6 am had a detrimental effect on cognition at the
following day. Rouch et al. (2005) investigated the influence
of shift work on the verbal memory in about 3000 workers.
The memory performance was lower in the shift workers
than the non-shift workers. Moreover, there was a relation-
ship between the performance in the memory test and the
duration of shift work exposition, suggesting lower perfor-
mance in individuals with longest shift work biographies.
Most importantly, the detrimental effect of shift work was
reversible: after the shift work was eliminated, the mem-
ory performance recovered four years later. This implies
that shift work alters cognitive functions, at least if shift
work is administered for a long time. As unchallenging and
monotonous job demands and shift work are often associ-
ated, the risk of cognitive decline is considerably enhanced
in such combinations.

6 Measurement of cognitive functions in humans

The status of fluid cognitive functions can be reliably as-
sessed by measures of response times and error rates in stan-
dardized psychometric tests. However, these performance
parameters represent the outcome of a sequence of sensory,
cognitive and motor processes which do not allow identi-
fying the source of age-related or pathological change in

@ Springer



312

P.D. Gajewski, M. Falkenstein

amplitude

-5uv
e
2
3 /*J\J\Mn
4
5 m Na Nb
pie
7
8 M v > \
9 wAN\an \j
10 M/ pwwa
1 sy P
;i
15 Pa
14 hnrimiry P1
15 u
18 w /+5|JV T T

10 100
-25.0 pVim?

Fig. 2 A schematic illustration of event-related potentials (ERP). The
EEG epochs obtained in single trials 1-16 were averaged. After av-
eraging the random activity was reduced and event related activity
increased (e.g. to the stimulus). As a result, a sequence of peaks oc-
curred. The early peaks are related to physical features of the stimulus,
whereas the later peaks are associated with particular cognitive pro-
cesses like selective attention (P1 and N1), stimulus evaluation (P2),

the central nervous system. Moreover, overt performance
may be influenced by compensatory processes which re-
main undetected with behavioral measures. The applica-
tion of brain imaging methods like functional magnetic res-
onance imaging (fMRI) or event-related potentials (ERP)
provide additional information about the topography, inten-
sity and timing of cognitive processes. FMRI measures the
hemodynamic response (change in blood flow) related to
neural activity in the brain or spinal cord and has an ex-
cellent spatial but relatively low temporal resolution (see
Cabeza and Kingstone 2006 for introduction). ERPs were
extracted from the electroencephalogram (EEG), a proce-
dure that measures electrical activity of the brain through
the skull and scalp. As the EEG reflects a number of si-
multaneously ongoing brain processes, the brain response
to a single stimulus or event of interest is not usually visi-
ble in the EEG recording of a single trial. To see the brain
response to the stimulus many trials were averaged, caus-
ing random brain activity to be reduced and the relevant
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response selection and conflict processing (N2c) and allocation of cog-
nitive resources and working memory (P3b). The dotted waves indicate
the variability of the amplitude depending on the intensity of the in-
volved cognitive process. The distribution of the electric potentials can
be visualized in form of topographical maps that illustrate the highest
current densities on the scalp at a particular point in time. The time axis
is logarithmic scaled

ERP to be highlighted (Fig. 2). After the averaging, a se-
quence of peaks occurs associated with different sensory,
cognitive and motor processes (see Luck 2005 for introduc-
tion and Gajewski et al. 2009 for advanced methodologi-
cal issues). In particular, ERPs are related to processes such
as memory, expectation, attention, decision making or re-
sponse activation and allow investigation of these processes
with an extremely high time resolution. By the concise mea-
sure of timing and intensity of such processes, differences in
the sensory, cognitive and motor processing between young
and old individuals can be identified (e.g. Hahn et al. 2010;
Yordanova et al. 2004). Moreover, using ERPs subliminal
changes or compensatory mechanisms can be detected (e.g.
Wild-Wall et al. 2007, 2008). Event-related potentials can
also be successfully applied to several clinical applications
(e.g. Polich and Corey-Bloom 2005), road traffic (Schmidt et
al. 2009) and occupational research (Gajewski et al. 2010b;
Wild-Wall et al. 2009; Fig. 2).
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Fig. 3 Results of a PC-based cognitive test applied in the PFIFF study
for the four participants groups (solid black: old assembly line, dotted
black: old non-assembly line, solid gray: young assembly line, dotted
gray: young non-assembly line). The test consisted of a long sequence
of simple numerical categorization tasks. The participants memorized
the task sequence in advance and switched among these tasks. Reaction
times indicate the time elapsed from the presentation of a test stimu-
lus on the screen and the button press after a correct stimulus catego-
rization. Error rates indicate the mean number of erroneous responses.

7 Applying the neurocognitive approach in an
occupational context: the PFIFF project

PFIFF is a program for improving cognitive abilities in older
employees, and primarily aimed at older workers with un-
challenging work demands (Freude et al. 2008, 2010; Wild-
Wall et al. 2009). The starting point of this project was a
profound literature analysis that aimed to extract factors that
may influence the central nervous system to improve fluid
cognitive functions. Secondly, on the basis of this review
a recommendation catalogue for older employees and work-
place health management was prepared and implemented on
an internet site for free access (www.pfiffprojekt.de). The
third component of the project was a study that aimed at in-
vestigating fluid cognitive functions in older employees with
low and high demanding work characteristics (see Gajew-
ski et al. 2010b for details of the study). For this reason
91 participants of a big car factory were recruited. One half
of participants were older workers (mean age 52), the other
half were younger workers (mean age 22). One half of each
aging group included employees with flexible and timely
non-restricted work like service, maintenance and repair of
machines, whereas the other half included workers from

-300 0 700 [ms]

As can be seen in the bar graphs, the older assembly-line participants
showed the longest reaction times and clearly higher error rates than
the other three groups due to loss of the correct task sequence. This
suggests lower working memory performance that was also visible in
the ERPs by reduced P3b amplitude (bottom left). The impaired error
monitoring is reflected by the selective reduced amplitude of the error
negativity in this group (Ne; bottom right). See Gajewski et al. (2010b)
for further details

the timely restricted assembly and production. The workers
participated in one 1.5-hour EEG-session which consisted
of a series of computer-based cognitive tasks. These tasks
aimed at investigating the status of the crucial fluid func-
tions involved in a complex memory-based task-switching
paradigm like working memory, task preparation, error pro-
cessing, and assignment of cognitive resources to the task.
Each of these functions was investigated by analyzing a spe-
cific ERP-component, indexing brain activity involved in the
processing of the task. In particular, we focused on two brain
potentials: the P3b and Ne (Fig. 3). The P3b is a large posi-
tive wave appearing 300 to 600 milliseconds after a stimulus
onset with a parietal topography that was associated with al-
location of cognitive resources (Kok 2001), working mem-
ory and stimulus—response coupling (Verleger et al. 2006).
According to the context updating hypothesis of the P3b
stimulus-related context, updating occurred when a model
of the environment requires revision (Donchin and Coles
1988).

During execution of a task, an erroneous response may
occur that is accompanied by a negative, frontocentral dis-
tributed ERP component—the error negativity (Ne; Falken-
stein et al. 1991) which is thought to reflect early error de-
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Fig. 4 Results of the PC-based cognitive test applied in the PFIFF2
study for the cognitive training group (unpublished data). Participants
performed a memory-based task-switching test used in the previous
PFIFF study (see the caption of Fig. 3). The test was applied before
training (t1, solid black), after 3 months of training (t2, dotted black)
and 3 months after the training was finished (3, solid grey). Reac-
tion times did not change significantly across the three time points.
Error rates before training (t1) were similar to the presented in Fig. 3.
However, a clear decrease of error rates occurred after the training (t2)

tection. The Ne is seen as the result of a comparison process
between the expected and the actual outcome, leading to be-
havioral readjustment and learning (Falkenstein et al. 2000;
Holroyd and Coles 2002). It has also been shown that the
Ne is smaller for older than younger participants, suggesting
a weakening of action monitoring processes in older adults
(Band and Kok 2000; Falkenstein et al. 2001).

As behavioral parameters, reaction times and error rates
were analyzed. Generally, older participants responded
slower than younger participants that support the well-
known age-related slowing (e.g. Salthouse 2000). However,
in focus of the study was the comparison between work-
ers at flexible and non-flexible workplaces. Flexibly work-
ing older employees were slower but more accurate than
the younger workers. Importantly, they showed faster re-
sponses and lower error rates than the assembly-line older
employees, particularly in a difficult memory-based ver-
sion of the switching task. This difference in performance
was accompanied by a number of electrophysiological find-
ings, suggesting lower memory capacity (P3b; Kok 2001)
and presumably as a consequence of this decline an im-
paired error detection (Ne; Falkenstein et al. 1991) which
reflects a precondition for successful learning (e.g. Hol-
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which persisted 3 months later (t3). Bottom left: Target-locked ERPs
at the electrode FCz. The frontocentral negativity, the N2 associated
with response selection process increased from tl to t2 and remained
stable from t2 to t3, suggesting more efficient decision after training.
Bottom left: Response-locked ERPs in erroneous responses. The error
negativity (Ne) was initially weak and similar to the observed in Fig. 3
but increased considerably after the training (t2) and remained stable
3 months later. No effects were found for the waiting control groups
between t1 and t2 (not depicted in the picture)

royd and Coles 2002). These results support the findings re-
ported above, suggesting negative influence of unchalleng-
ing job characteristics on cognitive functions. Additionally,
the ERPs show, in much more detail, which functions are
impaired.

8 Ameliorating cognitive decline in older workers:
the PFIFF 2 project

The aim of the second part of the PFIFF project was to try
ameliorating the cognitive decline found in older assembly-
line participants, as outlined above. To this end, some of the
methods for improving fluid cognition that were extracted
from the literature should be applied in the practice. One of
the methods was a formal cognitive training found to be ef-
fective in improving cognitive functions (e.g. Kramer and
Morrow 2008) and revealed to be beneficial for both be-
havioral parameters and brain activity in older age in our
previous study (Gajewski et al. 2010a). The training was
not focused on a particular cognitive function but aimed
at affecting a broad spectrum of cognitive abilities. Thus,
the formal cognitive training consisted of paper and pen-
cil exercises (Mental Activation Training, MAT, Lehrl et al.
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1994) and a number of commercial and non-commercial
computer-based exercises that were selected on the basis
of their expected efficiency to improve different functions
like attention, working memory, dual-task performance, in-
hibition, problem solving and task switching. The train-
ing period lasted 3 months, two sessions per week for 1.5
hours each. 120 middle-aged workers (mean age 47 years)
of the assembly line and repetitive production sector par-
ticipated in the study. The sample was subdivided into two
groups with 60 workers each which completed the study
successively. Each of the subgroups was randomly assigned
to training- and waiting-control group that received com-
bined cognitive and relaxation training first after the cogni-
tive training group completed the training. Before, after the
training, and three months later a number of psychometric
paper and pencil and computer-based tasks was applied and
the cortisol awaking response (CAR, Kudielka et al. 2007)
was measured. The CAR refers to the increase in cortisol re-
lease over the first 30 minutes after awakening (Adam et al.
2006). The EEG was recorded in the second training group
only.

Preliminary data show an improvement in a number of
psychometric paper and pencil tests in the training group
relative to the control group after the training. Particu-
larly, the older participants with initially lower performance
benefited clearly from the training. Importantly, the results
from the memory-based task-switching paradigm depicted
in Fig. 4 showed considerable improvements of cognitive
performance, particularly a decrease of error rates, suggest-
ing improved maintenance of a complex task sequence in
working memory. The behavioral benefits were accompa-
nied by a number of electrophysiological changes, like in-
crease of a negative frontocentral activity (N2), associated
with selection of a correct response in general (Gajewski et
al. 2008) and resolution of interference during task switch-
ing (Gajewski et al. 2010c). Furthermore, a significant in-
crease of error negativity (Ne) associated with successful
error monitoring was observed (Falkenstein et al. 1991).
This pattern of results persisted even three months later
after the training was finished. In contrast, no changes in
the waiting control group were found at this time point.
However, after this group received the combined cogni-
tive and relaxation training, the same neurocognitive im-
provements were observed as in the cognitive training group
only. Moreover, as a result of the relaxation training, a
significantly reduced level of Cortisol in the CAR was
found.

These findings suggest that formal cognitive training
may indeed ameliorate cognitive decline that is also re-
flected in an improvement of brain activity. A combina-
tion of cognitive and relaxation training has beneficial effect
on both the neurocognitive functions and stress responsibil-

ity.

Although no direct conclusions can be drawn from these
results regarding the employability of the trainees, the ob-
served improvements of cognition and emotion may en-
hance their learning ability, self-confidence and help to con-
solidate individual potential at work.

9 Summary and concluding remarks

This article provides a short overview about neurocognitive
functioning in middle and older age. Particularly, we fo-
cused on fluid cognitive functions that are crucial for each
type of occupation. It has been shown that the efficiency
of these functions strongly varied between individuals. This
variability is mainly due to genetic and environmental fac-
tors during the life history. More important, cognitive func-
tions are to some extent modifiable even in older age. Re-
cent neuroscientific literature suggests that middle-aged and
older brains carry a high potential for neuronal plasticity
that was neglected in the last decades. This fact implies that
age-related decline can be attenuated or even diminished
by an active interaction with the environment and health-
promoting activities. Physical exercise, nutrition, dietary re-
striction, challenging cognitive activities and formal cog-
nitive training are methods which are capable to enhance
the brain activity and to improve fluid cognition of elderly
people. In contrast, decline of cognitive functions can be
accelerated by adverse environmental and/or occupational
factors like monotonous, unchallenging work, shift work
and reluctance or lack of possibilities for advance educa-
tion. In fact, combination of these factors is not unusual in
the working area. The results of the first part of the PFIFF
project revealed some cognitive declines associated with im-
pairments of brain activity in older assembly-line workers
which are probably due to combination of these awkward
factors.

This result was also the starting point of the second part
of the PFIFF study that included formal cognitive training
for middle-aged assembly-line workers. The results indicate
improvement of some of the fluid cognitive functions which
were found to be impaired in the first phase of the project.
The improvements were also visible in enhanced brain ac-
tivity and lower stress reactivity than before the training and
persisted at least three months later. This suggests that cog-
nition and brain activity can be permanently stimulated even
by a relatively short intervention.

These person-centered interventions appear to be useful
—both for the employees and the employers—because they
improve mental fitness and, hence, the employability. There-
fore, their broader implementation in the future should be
pursued. However, the interventions can be successful only
if the employers support such activities in their factories and
companies. Moreover, situation-centered interventions, such
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as better ergonomics and improved supervisor behavior are
necessary. This shows the responsibility of the employers
and management to create and maintain a cognitively effi-
cient and innovative workforce.

Founding The research reported in this article was conducted
as a PFIFF-Project (program for improving cognitive abili-
ties in older employees) within a framework of INQA—New
Quality of Work, which was funded by Federal Ministry of
Labour and Social Affairs, BMAS.

Executive summary

Due to demographic change the number of employees will
decrease and their age will continuously increase. Thus,
western countries will be faced with huge challenges as a
smaller and older workforce has to produce more to main-
tain economic growth and defy global competition. This
may be problematic as aging is accompanied by declines
in sensory, motor and cognitive functions. Particularly, the
so-called fluid cognitive functions which are crucial for em-
ployability are often affected already in middle age. How-
ever, the course of the fluid cognitive status in aging may
proceed very differently due to individual history, experi-
ences and activities during the lifespan. Current neuroscien-
tific findings suggest preserved neuronal plasticity in aging
brains that can be stimulated by factors like nutrition, ed-
ucation, social engagement, new experiences, physical ac-
tivity and work demands. Therefore, age-related cognitive
declines can be compensated by a number of activities. The
main part of the article analyzes the relationship between
type of work and fluid cognitive functions in more detail.
The results of the first part of the PFIFF-project showed that
cognitive decline may be accelerated by long-lasting unchal-
lenging work and hence may occur already in middle age.
On the other hand, timely flexible and varying work may
successfully compensate age-related decline in cognition. In
the second part of PFIFF a 3-month program consisting of a
supervised PC-based cognitive training was implemented in
a group of 120 assembly-line employees with highly repet-
itive work. Half of the trainees received additionally relax-
ation and stress management training. The results provide
evidence that cognitive training improves cognitive abili-
ties and brain processes in older employees with repetitive
work, who were found to be impaired in the first part of the
project. Moreover, lower Cortisol level after the stress man-
agement training suggests improved stress resiliency of the
trainees. Hence the combined training appears to be suitable
to improve mental and emotional fitness of elderly employ-
ees with unfavorable work conditions and demonstrates their
preserved brain plasticity. Hence, the PFIFF project can be
seen as a part of a comprehensive program for promoting
mental fitness in older employees which requires broader
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implementation in the future to enhance individual health
and employability.

Kurzfassung

Aufgrund des demographischen Wandels wird die An-
zahl der Beschiftigten abnehmen und ihr Alter kontinuier-
lich zunehmen. Deshalb werden die westlichen Linder mit
enormen Herausforderungen konfrontiert, wie eine kleinere
und édltere Arbeiterschaft das konomische Wachstum sich-
ern und dem globalen Wettbewerb standhalten kann. Dies
wird problematisch, da das Alter mit Verschlechterung
sensorischer, motorischer, und kognitiver Funktionen ein-
hergeht. Insbesondere die sogenannten fluiden kognitiven
Funktionen, die kritisch fiir die Beschéftigungsfihigkeit
sind, sind haufig bereits im mittleren Erwachsenenalter
verdndert. Der Verlauf der fluiden kognitiven Funktio-
nen ist jedoch sehr unterschiedlich aufgrund individueller
Vorgeschichte, Erfahrungen und Aktivitdten im Laufe des
Lebens. Die aktuellen neurowissenschaftlichen Erkennt-
nisse weisen auf weitgehend erhaltene neuronale Plastizitit
der alternden Gehirne hin, die durch Erndhrung, Bildung,
soziales Engagement, neue Herausforderungen, korperliche
Aktivitdt oder die Art der Arbeit stimuliert werden kann.
Daraus folgt, dass altersbedingte kognitive Defizite durch
unterschiedliche Aktivititen kompensiert werden konnen.
Der Hauptteil des Artikels analysiert detailliert den Zusam-
menhang zwischen kognitiven Funktionen und der Art
der Arbeit. Die Ergebnisse der ersten Phase des Projek-
tes PFIFF zeigen, dass kognitive Defizite und Verédnderun-
gen von Hirnfunktionen durch langjdhrige, monotone Ar-
beit beschleunigt werden und bereits im mittleren Erwach-
senenalter auftreten konnen. Auf der anderen Seite, zeigte
sich, dass zeitlich flexible und abwechslungsreiche Arbeit
den altersbedingten kognitiven Abbau erfolgreich kompen-
sieren kann. In der zweiten Phase wurde bei 120 Teil-
nehmern mit repetitiver Montagearbeit ein trainergefiihrtes,
PC-gestiitztes kognitives Training {iber einen Zeitraum von
drei Monaten durchgefiihrt. Die Hilfte der Teilnehmer er-
hielt zusitzlich Entspannungs- und Stressmanagementtrain-
ing. Die Ergebnisse zeigen, dass das Programm kognitive
Funktionen und Hirnprozesse verbesserte, die im ersten Teil
des Projektes deutliche Defizite aufwiesen. Dariiber hinaus
reduzierte sich der Cortisolspiegel durch das Stressman-
agementtraining, was auf eine verbesserte Stressresilienz
der Teilnehmer hinweist. Insgesamt scheint der kombinierte
Trainingsansatz geeignet, die mentale und emotionale Fit-
ness dlterer Beschiftigter mit ungiinstigen Arbeitsbedingun-
gen zu verbessern, und demonstriert zugleich ihre erhaltene
Hirnplastizitéit. Insgesamt kann das Projekt PFIFF als Teil
eines umfassenden Ansatzes zum Erhalt und zur Forderung
der mentalen Gesundheit &lterer Arbeitnehmer verstanden
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werden, die in der Zukunft groBflachig implementiert wer-
den sollte, um Gesundheit und Beschiftigungsfahigkeit zu
verbessern.
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