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1 Introduction

The flexible adaptation to changes in the environment is one important feature of
intelligent behaviour and is associated with the ability to efficiently control one’s
own processing. Cognitive control refers to the ability to guide thoughts and actions
in accord with internal task goals. Controlling one’s own behaviour is particu-
larly required in situations that involve the flexible switching between multiple
tasks, the selection and maintenance of task-relevant and the inhibition of task-
irrelevant information, as well as the monitoring of error and conflict information
(e.g. [22, 42, 47]). In this project phase we have focused on the investigation of age-
related resource limitations in task switching and the inhibition of task-irrelevant
information. Research in the later project phase was concerned with control pro-
cesses related to the monitoring of error and conflict information (see Ferdinand
et al., Error-Induced Learning as a Resource-Adaptive Process in Young and Elderly
Individuals of this volume).

In this chapter, we will first review age-related resource limitations in control pro-
cesses required for efficiently switching between tasks and for successfully inhibit-
ing well-learned response tendencies. Then, we will briefly describe the paradigm
that we applied to measure interactions between both types of control processes.
The specific goal of our project was to identify the electrophysiological correlates
of control processes during task preparation and task execution. By this we hope
to gain a more fine-tuned analysis of age-related differences in cognitive control
processing. In the result section, we will report the most important findings of two
experiments on age-related differences in control processing. Finally, we will dis-
cuss these findings in the context of the actual control models and recent findings
on age deficits in control processing.
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2 Cognitive Flexibility and Inhibition Limitations
in Older Adults

2.1 Age Differences in Task Switching

One prototypical paradigm that has been used to measure the ability of the cognitive
system to flexibly adapt to changing environments is the so-called task-switching
paradigm (for reviews, see [33, 43]). At least one reason for its popularity is that
the paradigm allows researchers to study multiple separate control processes such
as task preparation, interference and switching processes within the same paradigm.

In task-switching procedures, participants are usually instructed to switch between
two tasks A and B. For instance, in the one task (task A), participants are asked to
respond to the meaning of words, and in the other task (task B), they are asked to
respond to the colour in which the words are printed. Costs of switching between
tasks can be determined by comparing performance in blocks of trials in which
subjects switch between both tasks A and B (mixed-task blocks) with performance
in blocks of trials in which they perform only one task A or B repeatedly (single-
task blocks). A number of studies have demonstrated that reaction times (RT) are
longer and error rates are larger in mixed-task blocks than in single-task blocks (e.g.
[1, 2, 25]). This type of switching costs is henceforth termed general switch costs
(cf. [29]) and is associated with “to be in a switch situation”. General switching
costs are thought to reflect control processes that are required for maintaining two
task sets and for flexibly selecting between them. Costs of switching between task
sets can also be determined within mixed-task blocks by comparing the performance
on trials in which the task was changed (AB, BA) with the performance on trials in
which the task was repeated (AA, BB). This type of costs has been termed switch
costs (e.g. [48]) or specific switch costs (cf. [29]) and is thought to tap the switching
process per se. So far a large variety of studies found that RTs are longer and error
rates are higher in switch trials than in non-switch trials (for a review, see [43]).

There are now a number of studies that examined processing limitations of task-
switching abilities in older age (for a review, see [24]; for a meta-analysis, see [55]).
For theories of cognitive aging it is important to know whether age-related process-
ing limitations occur in all kinds of cognitive processes, supporting the idea of gen-
eral limitations in the speed of processing (cf. general slowing account of cognitive
aging; see [31, 50]), or only in some cognitive processes, indicating process-specific
limitations in the elderly. Empirical evidence so far suggests that older adults have
mainly difficulties in task switching that are associated with maintaining task sets
and selecting between them, that is, they show larger general switch costs than
younger adults. In contrast, older adults have less difficulties in switching from one
task to the other, that is, the magnitude of specific switch costs is often found to be
similar in younger and older adults [7, 10, 26–29, 37, 46]. Hence, the good news is
that not all cognitive control processes are limited in their functioning by old age,
favouring the view of process-specific limitations of task-switching abilities in older
adults.
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This later view is also supported by studies using functional and structural imag-
ing methods. For instance, Braver and colleagues [5] found that both types of
switching costs were associated with neural activations in different brain regions.
The magnitude of general switch costs is highly correlated with brain activity in
the right anterior prefrontal cortex and the magnitude of the specific switch costs is
highly correlated with brain activity in the left superior parietal cortex. This is inter-
esting since data from functional as well as structural imaging studies suggest that
age-related neural changes are most pronounced in the prefrontal cortex compared
to other cortices (for reviews, see [20, 44, 45]), which is in line with the observed
pattern of age differences in task switching.

2.2 Age Differences in Interference Control

Another well-known task to measure the efficiency of control processing is the
Stroop paradigm [53]. This task requires maintaining a less-practised action inten-
tion (e.g. naming colours) and inhibiting a well-practised action tendency (reading
words). Usually participants are presented words (i.e. red, blue, yellow and green)
that are either printed in a compatible colour (the word “red” printed in “red”) or in
an incompatible colour (the word “red” printed in “blue”) and they are instructed to
name the colours. On incompatible trials the less-practised action intention (colour
naming) interferes with the well-practiced action tendency of reading words. There-
fore, larger RT and higher error rates can be observed on incompatible than on
compatible trials, termed Stroop interference effect1 in the following (for reviews,
[35, 36]). The efficiency of the cognitive system to inhibit unwanted action tenden-
cies is reflected in small interference effects.

Empirical evidence for age-related changes in interference control is not quite
clear. A number of studies found greater Stroop interference effects for older
than for younger adults [9, 12, 13, 28, 30, 52, 61], whereas a meta-analysis by
Verhaeghen and De Meersman [56] did not support the view of process-specific age
deficits in inhibitory processing (see also [51]). That is, larger Stroop interference
effects in the elderly can also be explained by age differences in general slowing of
processing speed. Thus, a further goal of this study was to contribute to this debate
by specifying conditions under which age-related differences in interference control
are more likely to occur.

To do this, we also varied the number of incompatible trials within a given block
of trials (cf. [21, 54]). Indeed, a number of studies have shown that demands on
interference control are increased when incompatible trials are less frequent. Put
differently, if the cognitive system adapts to easier task conditions (high number
of compatible trials within a block) in which no interference occurs and is then
confronted with an incompatible trial, more resources are required to inhibit the

1 Note that there are different ways to determine the interference effect, depending on which type
of baseline condition is used for comparison.
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unwanted action tendency. As a consequence, the Stroop interference effect is larger.
Conversely, if the cognitive system adapts to situations in which demands on inter-
ference control are high, the Stroop interference effect is smaller [21, 54].

2.3 Interactions Between Cognitive Control Processes and Their
Temporal Dynamics

The general goal of this project was to assess age-related resource limitations in
adaptive behaviour, in particular, in the ability to efficiently switch between tasks
and to inhibit well-learned action tendencies. Our specific goal was to examine inter-
actions between these cognitive control processes as well as to determine their tem-
poral dynamics. To investigate interactions between control processes, we combined
the above described well-known Stroop stimuli with a cue-based task-switching
paradigm. Thus, the participants in our studies were required to switch between
two tasks, that is, they either had to respond to the colours (task A) or to the words
(task B). Demands on cognitive control processes are largest when subjects have to
switch between tasks and to inhibit the currently irrelevant action tendency. Which
task they should perform in a given trial was indicated by a task cue (FAR for nam-
ing the colour (in German “Farbe”) and WOR for reading the word (in German
“Wort”)). Subsequently, the Stroop stimulus was presented (for details, see Sect. 3).
This type of paradigm has several advantages. First, it allows separating cognitive
activity recruited for preparing the next task from cognitive activity recruited for
executing the actual tasks. Second, it also allows separating cognitive activity for
task preparation from cognitive activity required for disengaging from the previous
task sets (cf. [39]).

Therefore, this type of paradigm is well suited to examine whether different
kinds of brain regions are recruited for task preparation and task execution by
using functional imaging methods. Indeed, MacDonald et al. [34] demonstrated a
dissociation between two cognitive control functions. During the task-preparation
interval (between task cue and target presentation), they found larger neural activ-
ity in the left dorsolateral prefrontal cortex (DLPFC) when subjects prepared for
the less practised colour naming than for the well-practised word reading tasks.
During the task-execution interval (between target presentation and the next task
cue), they observed a larger neural activity in the anterior cingulate cortex (ACC)
on incompatible than on compatible Stroop stimuli. On the basis of these results
and other findings, it has been concluded that the DLPFC plays an important role
for the active representation and maintenance of task instructions or S-R rules (e.g.
[41]), while the ACC is involved in the monitoring and evaluation of conflicts (e.g.
[4, 6, 36]). In general, current models of cognitive control suggest that the control
of goal-directed behaviour is implemented in the brain by a distributed network
with anatomically dissociable subcomponents. According to the network view, the
DLPFC biases task-appropriate behaviour and the ACC corresponds to an evaluation
system that indicates when more control is needed [8, 19, 23]. Because of the high
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spatial resolution of fMRI, this method is well suited to determine what kinds of
brain regions are recruited for adapting to increased control demands.

The main goal of our project was to examine the temporal course of neural
activity during task preparation and task execution when the demands on cogni-
tive control are increased. An event-related potential (ERP) approach is particu-
larly useful in this respect, because its temporal resolution is in the millisecond
range, which allows the measurement of the time course of neuronal activity with
high precision. In the first experiment, we aimed at identifying ERP-correlates of
age-specific resource limitations in task preparation and inhibition processes. In
the second experiment, we additionally manipulated the frequency of incompatible
Stroop trials to investigate how flexible the cognitive system is in allocating control
resources.

3 Methods Applied

3.1 Participants

Fourteen younger adults (mean age = 21.7 years, SD = 2.15, 6 females) and 14
older adults (mean age = 62.9 years, SD = 1.9, 6 females) participated in the first
experiment. All participants indicated themselves to be healthy, having a right-hand
preference, no colour blindness and no history of neurological or psychiatric prob-
lems. As often reported in the aging literature [50], we obtained no reliable age
differences in a subtest of semantical knowledge, but significant differences in per-
ceptual speed of processing, indicating the representativity of the younger and older
subsample (for details, see [28]).

A subsample of participants of the first study also participated in the second
experiment, 12 younger adults (mean age = 21.3 years, SD = 1.8, 6 female) and 12
older adults (mean age = 63.7 years, SD = 2.6, 6 female) (for further details, see
[13]).

3.2 Procedure

The participants were presented four words (i.e. RED, BLUE, YELLOW and
GREEN) whereas the display colours were either compatible or incompatible with
the word meaning. The participants were instructed to perform two tasks, which
will be referred to as “colour task” and “word task” in the following. In the word
task, participants responded to the meaning of the word, and in the colour task to
the display colour with one of the same four response keys.

In single-task conditions, the participants performed only the colour or the word
task, and in mixed-task conditions, they were instructed to switch between both
tasks. Which task to perform next was indicated by a task-set cue (the German letter
string -wor- for the word task and -far- for the colour task).
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The trial procedure was identical for single- and mixed-task blocks. Each trial
started with a task-set cue (i.e. -far- or -wor-) that was presented for 500 ms, fol-
lowed by a blank screen of 1,800 ms (see Fig. 1). Before the target (the Stroop
word), a fixation cross was displayed for 200 ms. Then, the target stimulus was
presented for 300 ms, followed by a blank screen until the response was made.
ERPs were recorded in a task-cue interval, in which the subjects prepared for the
upcoming task, and in a target interval, in which responses to Stroop stimuli had to
be given.

Fig. 1 The trial procedure

Stimuli, tasks and trial procedure were identical in the first and the second exper-
iment. In the first experiment, the number of incompatible trials in a block was 50%.
In the second experiment, we additionally manipulated the frequency of incompati-
ble trials within a block that was either high (80% of the trials) or low (20% of the
trials).

3.3 Data Recordings

We used an IBM compatible computer for registration of reaction times (RTs) and
errors and a CTX 17-inch colour monitor with a black background for stimulus
presentation. Responses were registered using external response buttons.

EEG and EOG activities were recorded continuously (Neuroscan Synamps and
Scan 4.2 acquisition software) from 64 tin electrodes (10–10 system) using an elas-
tic cap (Electrocap International). We used the left mastoid as reference and the
right mastoid as an active channel. The EEG and EOG signals were online bandpass
filtered (DC – 70 Hz, 50 Hz notch filter) and digitized at 500 Hz. Impedances were
kept below 5 kΩ (for details, see [13, 28]).

4 Results

In this section, we will report the most important findings of two experiments on
age-related changes in cognitive control processes and discuss them in the context
of previous findings. At first we report the behavioural results and then the ERP
results.

4.1 Behavioural Results

Consistent with a number of previous findings (e.g. [25, 29, 37]; for a review, see
[24]; for a meta-analysis, see [55]), we found an age-related increase in general
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switch costs and no age differences in specific switch costs. We also found that
age differences in general switch costs were more pronounced in the word reading
than colour naming task (see Fig. 2). This finding is consistent with others that
demonstrated that the magnitude of switch costs depends on the dominance of a
well-practised task relative to a less-practised task. For instance, Allport et al. [1],
using Stroop stimuli in a task-switching paradigm, found that switching to the well-
learned task (here the word naming task) results in greater switching costs. Thus,
it appears that older adults have more problems to efficiently switch between tasks
when word processing needs to be inhibited in the previous trial than younger adults
do.

Fig. 2 General switch costs (latencies in ms) as a function of age group (younger and older adults)
and task (word and colour task). Error bars refer to the standard error of the mean (SE)

As noted earlier, we were specifically interested in the interaction among cog-
nitive control processes (see Sect. 2.3). Interestingly, our results showed that the
Stroop interference effect was larger when subjects had to switch between tasks
compared to when subjects were required to perform only one task in a block (e.g.
[59]). Thus, subjects are less efficient in interference control when the demands on
cognitive control are increased, that is, when participants have to switch between
tasks. However, we did not find interactions with age.

Also in line with findings of a meta-analysis [56], results of our first study indi-
cated that age differences in the Stroop interference disappeared when age dif-
ferences in general speed were controlled.2 This finding suggests that there are
no age-specific resource limitations in interference control. However, age differ-
ences in interference control might occur when demands in control processing are
increased. Therefore, we increased the demands on interference control by varying

2 Age differences in interference effects were no longer significant on the basis of proportional
scores (incompatible/compatible), which take age differences in baseline performance (here: laten-
cies in compatible trials) into account, only on the basis of difference scores (incompatible –
compatible).
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the frequency of incompatible trials in our second study. Consistent with previous
studies, we found larger interference effects when the frequency of conflict trials
was low (see Fig. 3; cf. [21, 54]). Hence, subjects were less adapted to conflict
when the frequency of incompatible trials was low and had to engage more in con-
flict monitoring when an infrequent incompatible trial occurred. Of most relevance
for the second study was the fact that age differences in the Stroop interference
effect were influenced by the frequency manipulation. Older adults showed larger
interference effects than younger adults when the frequency of conflict trials was
low (see Fig. 3). This effect was only found for the colour naming task, but not for
the word reading task, and was significant even after controlling for the effects of
general slowing, that is, on the basis of proportional scores. Hence, there is evidence
for age differences in the Stroop interference effect, but it is limited to situations of
high demands on interference control.

Fig. 3 Interference costs (latencies in ms) as a function of age group (younger and older adults)
and task (word and colour task) and low (left side) and high frequency of incompatible trials (right
side). Error bars refer to the standard error of the mean (SE)

4.2 ERP-Results

ERP data will be reported in two sections. In the first section we report analyses of
neural activity that is related to preparatory processes and the ERPs were averaged
time-locked to the onset of task-cue presentation (see Fig. 1). In the second section
we report analyses of neural activity that is related to target processing and response
execution. Thus, the ERPs were averaged time-locked to target and response onset.
We will primarily review results on age-related changes in ERP correlates of task
preparation and inhibitory processes.

4.2.1 Age Differences in ERP Correlates of Task-Preparation Processes

The analysis of task-cue related neural activity indicated age-related changes in two
ERP components: in the P300 and in a contingent negative slow wave (CNV).
Figure 4 displays ERP grand averages in the task-cue interval at three central
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electrodes elicited in single- and mixed-task blocks separately for younger and older
adults aggregated across the colour naming and word naming task. For all conditions
a large positive component, the P3, was evoked at parietal electrodes for younger
and older adults. Towards the end of the task-cue interval, a CNV emerged at central
recording sites for the mixed relative to single-task blocks in the older age group.

Fig. 4 Grand average ERPs in the cue interval for single (thin line) versus mixed-task (thick line)
blocks separately for younger and older adults aggregated across tasks at the three midline elec-
trodes (FZ, CZ and PZ). The vertical bars indicate cue onset, tick spacing in the x-axis is 200 ms,
and the broken lines indicate the time windows that were used for statistical analysis of the P300
and CNV

The first noteworthy finding was a parietally distributed P300 was evoked by
task cues that was larger under switching conditions (i.e. in mixed-task blocks) than
non-switching conditions (i.e. in single-task blocks), which is consistent with other
findings (e.g. [59]). Generally, the P300 is assumed to reflect processes that encode
and update the currently relevant task context (e.g. [11, 38]). In the present study,
the P300 presumably reflects the updating of task sets for the word or colour task.
Age-related changes in this component are primarily related to the P300 latency
that is significantly slowed in the older group and under switching conditions. Age-
related slowing of P300 peak latency is a well-replicated finding in the area of
cognitive aging; however, most studies focused on age differences in the implemen-
tation of attentional control as measured with the Oddball paradigm (for a review,
see [49]).

In contrast to the age effects for P300 peak latency, we found no reliable age
effect in the P300 amplitude. Most obvious was that the P300 amplitude was
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substantially larger for switching conditions in both tasks. Although we found no
age-related changes in the P300 amplitude, the topography of the P300 was sig-
nificantly modulated by age but only in the word task. In the word task, in which
general switch costs were also higher for older adults, the P300 topography took
the form of a more flattened anterior–posterior distribution. Specifically, we found
a loss of the centro-parietal focus in the older age group. Age-related changes in
the topography of the P300 peak amplitude of similar kinds have been reported in
other ERP studies on cognitive aging (e.g. [17]). The functional and neuroanatom-
ical factors contributing to the modified P300 topography in the elderly are still a
matter of debate. However, we suggest that the flattened P300 topography and the
enhanced general switch costs in the word task reflect that older adults may recruit
frontal areas to a larger extent for the more demanding implementation of the task
set of the word task (cf. [40]).

A second important finding of our study is that we found age-related changes
in the CNV. The CNV is assumed to be associated with the ability to maintain
task-set representations over time. In the present study, no reliable CNV differences
between single and mixed blocks were obtained for younger adults (see Fig. 4). In
contrast, older adults showed a substantially larger CNV under switching condi-
tions, suggesting that they were differentially engaged in the maintenance of task
sets in mixed compared to single task blocks. If we take the CNV as an indicator
of the ability to actively maintain task-set representations over time, then the find-
ings suggest that older adults have problems in maintaining the currently relevant
task set under mixed-task conditions (but see [59]; for an alternative interpretation,
see [28]).

In our second study we investigated age differences in the flexibility of resource-
adaptive behaviour by manipulating the degree of interference during task perfor-
mance. It was expected that in blocks with a low frequency of incompatible trials,
control demands on task preparation are decreased whereas demands on conflict
monitoring are increased, and vice versa. However, age effects in the ERP correlates
of task preparation did not interact with the frequency manipulation (for other effects
of the frequency manipulation, see [13]).

4.2.2 Age Differences in ERP Correlates of Interference Control

The analyses of ERP components in the target interval allowed us to examine age-
related differences in interference control during target processing and response
execution. Findings from several recent ERP studies suggest that stimulus-driven
inhibitory control is reflected in a negativity for incompatible Stroop trials (which
will be termed Ni in the following). This component has been assumed to reflect
early conflict detection (e.g. [32, 59, 60]). A second negativity occurs during
response execution on incompatible Stroop trials, which is called correct response
negativity (CRN).

Results of our first experiment showed that Ni latency was slower for the colour
naming than the word reading task, which is consistent with a greater behavioural
Stroop interference in the colour naming than in the word reading task (see Fig. 2).



An ERP-Approach to Study Age Differences 87

Moreover, the Ni was substantially slowed for older than for younger adults. Age
effects were even more pronounced in the colour naming task when subjects had
to switch between tasks, thus when control demands were increased. Furthermore,
consistent with a number of other findings (e.g. [32, 60]), we obtained a larger
Ni amplitude for incompatible than for compatible trials. However, this effect was
clearly present in both age groups and in both tasks, supporting the view that the
Ni component reflects general conflict processing that is required whenever a target
stimulus involves ambiguous information (e.g. [32, 60]). Thus, it appears that the
Ni reflects a general mechanism of early conflict detection that is relatively invari-
ant across tasks and age. Hence, we only found evidence that conflict detection in
slowed in the elderly.

In contrast, results of both studies provided evidence for age-related differences
in response-related conflict processing. For younger adults, a negativity (CRN) was
obtained that was larger for incompatible than for compatible trials. As no such
compatibility effect was found for older adults, this can be taken as evidence for age
differences in response-related conflict processing. Hence, it appears that younger
adults are better able than older adults to discriminate between incompatible and
compatible trials at a response-related processing stage. A similar negative deflec-
tion, termed Error-related Negativity (ERN, [18]) or Error negativity (Ne, [14]),
peaking around 80 ms after the response, is often observed in erroneous responses
and has been considered as a part of a more general executive control system
that monitors for conflicts and errors. The attenuation of the Ne in older adults
[15, 16, 19] has been taken as evidence for a lower flexibility of error and action
monitoring in the elderly. Even though more research is required to elucidate the
functional processes reflected in the CRN, the present results of age differences in
the CRN suggest, similar to the ERN/Ne, age-related changes of the action moni-
toring system.

Results of our second study replicated and extended this result, that is, we found
a larger CRN for incompatible than for compatible trials only for the younger adults
(see also [57, 58]). Furthermore, the compatibility effect in the CRN for younger
adults was sensitive to the probability manipulation, i.e. it was larger when incom-
patible trials were less frequent (see Fig. 5). This pattern of results in the CRN
amplitudes parallels the behavioural Stroop interference effect that was larger when
demands on conflict processing were increased (see Fig. 3). This finding also sug-
gests that younger adults are able to adjust their behaviour depending on the task
context, which means that they are well prepared for conflict when incompatible
trials are frequent and less prepared when conflict is decreased and incompatible
trials are rare.

Our results are also consistent with recent findings from a study of Bartholow and
colleagues [3], who manipulated the frequency of incompatible trials in the Eriksen
Flanker task. They also found that the CRN was sensitive not only to response con-
flict, but also to conflict that emerges, when expectancies about the compatibility of
the target stimulus were violated.

In contrast to younger adults, older adults did not show reliable differences
in the CRN between conditions, with enhanced amplitudes, independently of the
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Fig. 5 Grand average ERPs in the response interval for compatible (thin line) vs. incompatible
(thick line) correct trials separately for younger and older adults as a function of low versus high
frequency (ratio) of incompatible trials at FZ. The vertical bars indicate response onset, and tick
spacing in the x-axis is 200 ms

frequency manipulation. Thus, older adults were not able to flexibly adapt to
changes of conflict demands. The finding that the CRN did not differentiate between
compatible and incompatible trials in the older age group confirms the findings of
our first study and suggests impairments of older adults in discriminating compati-
ble from incompatible trials. Our data are also consistent with findings from Gehring
and Knight [19]. They found that CRNs were enhanced for patients with frontal lobe
lesions. Gehring and Knight [19] suggested that these patients might suffer from an
impaired representation of the contextually appropriate stimulus response mapping,
and by this, are not able to distinguish between what was a correct response and what
was not. Applying this argumentation to older adults, it is conceivable that in highly
demanding task situations older adults suffer from a compromised representation
of the actually relevant task set (and thus the correct response) even on compatible
trials, leading to conflict when the actual response is matched with the impaired rep-
resentation. As a consequence, they are not able to build up expectancies about the
compatibility of the target stimulus, which might explain the absence of a frequency
effect in the older age group.
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5 Summary and Conclusions

In sum, the results of our studies have implications on current theories of cognitive
aging and provide a number of new theoretical insights in the field of age-related
resource limitations of adaptive behaviour.

First, the behavioural data of the two studies suggest, in line with previous find-
ings [29, 37], that age-related resource limitations primarily occur when older adults
have to select and maintain task-relevant information, thus at a general level of
switching between task sets. In contrast, older adults have no problems when they
have to reconfigure tasks on a trial-to-trial basis, thus at a specific level of task
switching. Moreover, in the first study we did not find evidence for age-related
impairments in the ability to inhibit irrelevant action tendencies, which is also in
line with previous findings [56]. The new behavioural findings of our studies are
that older adults have even greater difficulties in task-set selection when they are
switching to a well-learned activity (the reading task) that was strongly inhibited in
the previous trial. Moreover, older adults have more difficulties in inhibitory pro-
cessing than younger adult do, when demands on interference control are increased
(i.e. when incompatible trials are less frequent and therefore less expected).

Second, we identified two ERP components that varied with switching demands
during task preparation, the P300 and the CNV. The P300 is thought to reflect pro-
cesses related to encoding and updating of task-relevant information (e.g. [11, 38]).
The P300 latency was increased in the elderly, especially in mixed-task blocks,
indicating that older adults are slowed in the updating of task-relevant information
when they have to switch between tasks. The P300 amplitude elicited by the task-set
cue was larger for mixed-task blocks than for single-task blocks with a parietal
maximum in the younger group and a broader distribution in the older group in the
word task. This finding suggests age-related deficits in updating of currently relevant
tasks, primarily when switching from a less-practised task is required. Furthermore,
only older adults showed an enhanced CNV under switching conditions, suggesting
that older adults have problems to maintain task-relevant information over time.

Third, results of our studies also identified two ERP components that varied with
inhibitory demands, an early negativity related to the processing of conflicting task
information (termed Ni; cf. [32, 60]), and a late negativity related to response-related
processing (termed CRN; see [57, 58]). The Ni is thought to reflect conflict detection
when the target stimulus contains ambiguous information. The latency of this com-
ponent was substantially increased for the colour naming than the word reading task
under switching conditions and this difference varied with age. Thus, older adults
were much slower than younger adults in conflict detection when demands on cog-
nitive control were increased. Although the Ni was larger for incompatible than for
compatible trials [32, 60], the Ni amplitude did not vary across tasks and age, sug-
gesting no qualitative changes in conflict processing in the elderly and for different
task domains. Furthermore, the response-related negativity on correct trials (CRN)
was found to be larger for incompatible than compatible Stroop stimuli. However,
this was only the case for the younger age group, whereas the CRN occurred on
both types of trials in the older group. Moreover, the compatibility effect in the
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CRN varied as a function of conflict ratio in younger but not in older adults, which
points to the view that older adults are impaired in the flexible adaptation to chang-
ing demands on conflict processing. As the CRN has been considered to reflect the
efficiency of the conflict monitoring system [3, 19], results of our studies suggest
that the older adults were less efficient in discriminating between incompatible and
compatible trials at a response-related processing stage and by this showed resource
limitations in action monitoring as well as in flexibly adapting to changes of conflict
demands.

Taken together, our findings are inconsistent with the view that cognitive aging is
mediated by a single, global mechanism that affects all type of cognitive processes
such as a general age-related decline in speed of information processing. Instead,
our findings support the view of age-specific resource limitations in cognitive con-
trol processing. On the behavioural level, we found age-related resource limitations
in maintaining and selecting between task sets and in inhibitory processing when
the demands on cognitive control were high. This view was further confirmed by
age-related differences in ERP correlates of task-preparation and inhibitory process-
ing. Age-related slowing was observed for task-set updating and conflict detection.
Age-specific processing limitations were obtained during task-set maintenance and
response-related conflict processing, as well as in the flexibility adaptation to con-
flict demands. Generally, the ERP-approach seems to be a useful tool for obtaining
a detailed view on age differences in cognitive control processing.
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