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Abstract In this study, we aimed to examine whether older
adults, relative to younger adults, suffer from generic inhibi-
tion, selective inhibition, and/or distraction deficits, as
assessed by behavioral and electrophysiological measures in
a go/no-go task paradigm that included manipulations of no-
go stimulus type (irrelevant vs. conflict) and no-go probabil-
ity. A total of 96 individuals were recruited; each of three
experiments included 32 participants (16 adults above and
16 adults below 60 years of age). The older adults performed
more poorly than the younger adults in our behavioral test;
however, the event-related potential results showed that irrel-
evant and conflict no-go stimuli incurred different processes
that were differentially impacted by aging, as was reflected in
the N2 and P3. That is, the older adults’ inhibition deficits
might be due to different underlying mechanisms: dispropor-
tionate processing of irrelevant no-go stimuli, and dispropor-
tionate suppression of conflicting information when executing
or withholding a response to conflict no-go stimuli. The pres-
ent results therefore support the theories of age-related selec-
tive inhibition and distraction deficits.

Keywords Aging . Inhibition . Distraction . No-go
probability

Introduction

As people age, many cognitive functions may deteriorate, es-
pecially the so-called cognitive control functions (Hasher &
Zacks, 1988; Kramer, Hahn, & Gopher, 1999; Kramer,
Humphrey, Larish, & Logan, 1994; Mayr, 2001). Inhibition
ability, especially, has received a great deal of attention in
aging research, because inhibitory function is essential for
the regulation of everyday behaviors and is of particular im-
portance for effective adaptation in complex situations
(Garavan, Ross, & Stein, 1999). Therefore, understanding
whether older adults suffer from generic deficits in inhibitory
function is critical to estimate their ability to adapt to changes
in situational complexity. A variety of paradigms have been
employed to study inhibition (see Kok, 1999, for a review),
such as the go/no-go, stop-signal, Eriksen flanker, and Stroop
tasks, which are hypothesized to measure different forms of
inhibitory function, such as the inhibition of a prepotent re-
sponse, an ongoing response, or interference (Barkley, 1997).
Several studies using these inhibition-related task para-
digms have shown that older adults suffer from inhibition
deficits and have further suggested that older adults suffer
from generic inhibition deficits (the so-called inhibition
deficit hypothesis; e.g., Dempster, 1992; Gazzaley &
D’Esposito, 2007; Hasher & Zacks, 1988; Hasher,
Zacks, & May, 1999).

Recent studies, however, have shown that older adults do
not necessarily performmore poorly than younger adults in all
inhibition-related tasks, and that their performance can be af-
fected differently by certain task parameters. For example,
with a stop-signal task, older adults were found to suffer from
dissociable inhibitory deficits in the sensory and motor do-
mains (Anguera & Gazzaley, 2012). With a go/no-go task,
older adults were found to exhibit modality-specific inhibitory
deficits (Falkenstein, Hoormann, & Hohnsbein, 2002). With
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the Eriksen flanker task (Eriksen & Eriksen, 1974), the per-
formance of older adults in suppressing the flankers’ interfer-
ence was, counterintuitively, found to be better when they
were required to make a noncorresponding (reversal) response
to the central target (e.g., to press a left key if the central target
pointed to the right) or when the central target had a salient
feature (e.g., a colored central target that was easily distin-
guishable from the flankers; Hsieh & Fang, 2012; Hsieh,
Liang, & Tsai, 2012; Hsieh & Lin, 2014). Likewise, in visual
search tasks, older adults were more capable of suppressing
task-irrelevant information when the distracting stimuli were
rare (Hommel, Li, & Li, 2004) or were easily distinguishable
from the targets on the basis of salient perceptual features
(Carlson, Hasher, Zacks, & Connelly, 1995; Scialfa, Esau, &
Joffe, 1998). Hence, older adults’ inhibitory deficit might
be selective, rather than generic, depending on process-
ing domains, stimulus modalities, and/or the distinctive-
ness of relevant and irrelevant information (see also
Kramer et al., 1994); as regards distinctiveness, the cur-
rent results are inconclusive.

Although some studies have reported that the older adults
can successfully suppress distinguishable irrelevant informa-
tion (Carlson et al., 1995; Hsieh & Lin, 2014; Scialfa et al.,
1998), others have shown that introducing distraction to a task
exacerbated age-related differences in task performance,
which supports the distractibility hypothesis of aging (see
Healey, Campbell, & Hasher, 2008, for a review). Hence,
aging may not only be associated with decreased inhibition
ability, but also with increased susceptibility to distraction that
worsens the elders’ ability to identify irrelevant information.
Although these two mechanisms are not exclusive, it is still
important to examine how different types of irrelevant infor-
mation (with different degrees of distinctiveness from relevant
information) might affect elders’ ability to discriminate be-
tween relevant and irrelevant information. Therefore, this
study was designed to directly address this question by using
a go/no-go task.

In a conventional go/no-go task, participants are instructed
either to respond (go) or not to respond (no-go) to a predefined
set of stimuli. In this study, two types of irrelevant information
(i.e., no-go stimuli) could be manipulated: irrelevant no-go
and conflict no-go stimuli. The irrelevant no-go (irNOGO)
stimuli belonged to a different semantic category from that
of the go stimuli (e.g., numbers vs. letters), which yielded an
obvious distinction between the target (go) and nontarget (no-
go) stimuli; hence, these no-go stimuli might evoke a greater
bottom-up distraction effect (i.e., attentional capture), and sub-
sequently might involve more control processes used to con-
quer the distraction. On the other hand, the conflict no-go
(cfNOGO) stimuli shared common features with the go stim-
uli, but simply had different combinations of these common
features; hence, these no-go stimuli might incur higher inter-
ference (due to being less distinctive from the go stimuli), and

subsequently might invite the engagement of top-down con-
trol processes to resolve the conflict. By manipulating these
two types of no-go stimuli, we could address the issue of
whether aging increases susceptibility to distraction and/or
conflict.

In addition to the type of no-go stimuli, we also ma-
nipulated the number of no-go trials in a block (20%,
50%, or 80%); our rationale for this was that, by strongly
biasing the test toward go stimuli (20% no-go probability;
high-go-prepotency condition), one can maximize the en-
gagement of executive control to inhibit no-go stimuli
(Bruin & Wijers, 2002; Ford et al., 2004), which proved
successful in activating frontal lobe structures that have
been associated with executive control in other response
inhibition tasks (MacDonald, Cohen, Stenger, & Carter,
2000). Accordingly, we expect that the performance of a
go/no-go task might be more sensitive to aging in this
higher-demand condition (e.g., 20% of no-go probability).
Nevertheless, if aging results in a generic inhibition def-
icit, we would likely observe an age-related inhibition
deficit in the lower-demand condition as well (e.g., 80%
no-go probability).

Because no overt behavioral response can be recorded for
no-go trials, in this study we employed the event-related po-
tential (ERP) method to uncover the underlying neural pro-
cesses of the no-go trials. Some ERP components, such as the
N2 and P3, are sensitive to inhibition and/or response conflict
control processes (see Pires, Leitão, Guerrini, & Simões,
2014, for a review). Stimuli that trigger a tendency to make
incorrect prepotent responses (e.g., incongruent or no-go stim-
uli) were associated with enhanced fronto-central N2 ampli-
tudes (known as the no-go N2), which is thought to reflect
inhibition (Falkenstein, Hoormann, & Hohnsbein, 1999;
Roche, Garavan, Foxe, & O’Mara, 2005; van Boxtel, van
der Molen, Jennings, & Brunia, 2001) and/or conflict-
monitoring processes (Enriquez-Geppert, Konrad, Pantev, &
Huster, 2010; Huster, Enriquez-Geppert, Lavallee,
Falkenstein, & Herrmann, 2013; Nieuwenhuis, Yeung, van
den Wildenberg, & Ridderinkhof, 2003; van Veen & Carter,
2002a, b). Hence, the functional meaning of the no-go N2 is
still debated (see Smith, Johnstone, & Barry, 2007). Following
the N2, a positive ERP component peaks at approximately
250–500 ms for both go trials (known as the go P3, which
usually shows maximal amplitudes at the Pz or Cz site) and
no-go trials (known as the no-go P3, which usually shows
maximal amplitudes at the FCz or Cz site). Both the go and
no-go P3s may reflect context updating (Donchin & Coles,
1988), which is necessary for successful ongoing execution
and inhibition of prepotent responses. Relative to the no-go
N2, the functional meaning of the no-go P3 has more consis-
tently been shown to be closely related to inhibition (e.g.,
Enriquez-Geppert et al., 2010; Fallgatter & Strik, 1999;
Huster et al., 2013; Roberts, Rau, Lutzenberger, &
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Birbaumer, 1994; Smith, Johnstone, & Barry, 2008; Tekok-
Kilic, Shucard, & Shucard, 2001).

Hypotheses

With the measures of these two ERP components and the
behavioral data, some predictions could be derived from the
existing cognitive hypotheses of aging. On the basis of the
generic age-related inhibition deficit hypothesis, we would
expect the older adults to exhibit slower reaction times on go
trials and more errors on both go and no-go trials behaviorally,
as well as smaller and delayed no-go P3 and/or no-go N2
components for both types of no-go stimuli, than younger
adults across all conditions. On the basis of the selective
age-related inhibition deficit hypothesis, we would expect
the above-mentioned inferior performance from the elderly
to be specifically associated with the cfNOGO stimuli, and
such a deficit might be more prominent in the high-demand
20% no-go probability condition. On the other hand, if older
adults are more susceptible to distraction, we might expect to
see that older adults paradoxically exhibit larger no-go P3
amplitudes associated with the irNOGO stimuli, since older
adults’ attention might be captured more by the irNOGO stim-
uli, and therefore they must recruit more control processes to
prevent responses on these no-go trials (Sawaki & Katayama,
2008). Finally, it is also possible that the different types of no-
go stimuli might incur different control processes that are dif-
ferentially affected by aging.

General method

Three experiments were conducted in this study, with three
different manipulations of no-go stimulus probability: 20%,
50%, and 80%.1

Stimuli

The stimuli were generated by the E-Prime software
(Psychology Software Tools, Inc., Pittsburgh, PA) and were
presented in red or blue against a black background at the
center of a computer screen that was placed at a distance of
90 cm from the participant. In this task, the go stimuli were red
Os and blue Xs, and the no-go stimuli were either blue Os and
red Xs (designed as conflict no-go stimuli) or the red and blue
numbers 3 and 6 (designed as irrelevant no-go stimuli).

Design and procedure

Each trial began with the presentation of a white fixa-
tion cross, B+,^ for a duration of 200 ms, followed by a
go or no-go stimulus for a duration of 300 ms. The
stimulus was then replaced by a black blank screen
while the participant responded (or until 1,800 ms had
elapsed, if no response was recorded), followed by an
additional waiting duration that varied randomly, be-
tween 1 to 1,000 ms, before the next trial commenced.
Participants were required to respond as quickly and
accurately as possible (for a go stimulus) or to withhold
a response (for a no-go stimulus).

The total number of trials in an experiment was 960.
The probabilities of no-go stimuli in an experiment
were 20% (192 trials in Exp. 1), 50% (480 trials in
Exp. 2), and 80% (768 trials in Exp. 3). Among the
no-go trials, conflict no-go and irrelevant no-go stimuli
comprised 50% of the trials apiece. At least 36 practice
trials (more trials if necessary) were given before the
formal experiment. During the practice session,
Bcorrect^ or Bincorrect^ feedback was given at the end
of each trial to facilitate the participants’ familiarization
with the response rule.

Electroencephalographic (EEG) recording

During the experiment, the participants were seated in a com-
fortable chair in a sound-attenuated room. Continuous EEG
activity was recorded by 32 scalp electrodes using an elec-
trode cap (Neuroscan Q-cap: AgCl-32 electrode cap;
Neuroscan, Inc., El Paso, TX, USA). Horizontal electrooculo-
grams (EOGs) were recorded by electrodes attached to the
outer canthi of each eye. Meanwhile, vertical EOGs were
recorded by two electrodes, one placed 2 cm below and the
other 2 cm above the left eye. The electrodes were initially
referenced online to the left mastoid and offline to the average
of the left and right mastoids. The electrode impedances were
maintained below 5 kΩ. The EEG and EOG signals were
amplified using SYNAMPS amplifiers. The signals were sam-
pled at 500 Hz and filtered online using a high-pass filter with
a cutoff frequency of 0.1 Hz and a low-pass filter with a cutoff
frequency of 30 Hz. Ocular artifacts associated with blinks
were corrected with the ocular reduction command in the
Neuroscan software (Neuroscan, Inc., El Paso, TX, USA)
and were then further removed via an algorithm (Neuroscan
software) that rejected any epoch if the signal was below –50
± 50 μV, if the drift of the EEG from baseline exceeded –50 ±
50 μV, or if the analog-to-digital converters became saturated.
The total rejection rates across the various conditions (roughly
equally distributed across conditions) averaged approximately
29%, 31%, and 29% for each experiment, respectively.

1 A between-subjects design for the three no-go trial probability condi-
tions was adopted due to time constraints. Requiring individuals to par-
ticipate in all three of the experiments would have been too tiring for the
older participants, because each experiment required from 1 to 2 h to
complete as well as 2 h of preparation for the electrophysiological
recording.
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ERP analysis

In each experiment, stimulus-locked epochs were taken from
the continuous EEG signal and time-locked to the onset of the
go/no-go stimulus, from 50 ms before to 800 ms after the
target stimulus onset for all recording channels. For each
channel, all stimulus-locked epochs were baseline corrected
by obtaining the mean level of activity in the period from
50 ms before to 50 ms after target onset and then subtracting
that average from the level of activity at the sample point. The
N2 was maximal at the FCz site, whereas the P3 was maximal
at the Cz site. Hence, we searched for the peak-to-peak am-
plitude at the FCz site during the time windows of 150–
350 ms (positive dip) and 250–450 ms (negative peak) after
the onset of the stimulus and then computed the voltage dif-
ference between the positive dip and negative peak as the
stimulus-locked N2 peak-to-peak amplitude.2 We searched
for the peak latency and peak amplitude at the Cz site during
the time window of 350–750 ms after stimulus onset and then
computed the voltage difference between the peak amplitude
relative to the baseline as the stimulus-locked P3 peak ampli-
tude and the time point at which the P3 peak amplitude oc-
curred as the P3 peak latency.

Participants

A total of 96 individuals were recruited through the Internet
and local community advertisements; each of the three exper-
iments included 32 participants (16 younger adults and 16
older adults). In Experiment 1 (20% no-go probability; high
go-prepotency), the 16 young adults (eight females, eight
males) had a mean age of 21.75 ± 1.07 years (range: 20–24
years) and an average of 15.50 ± 0.82 years of education; the
16 elderly adults (nine females, seven males) had a mean age
of 66.5 ± 4.23 years (range: 60–78 years) and an average of
13.38 ± 2.58 years of education. In Experiment 2 (50% no-go
probability; medium go-prepotency), the 16 young adults (ten
females, six males) had a mean age of 21.13 ± 1.36 years
(range 19–25 years) and an average of 15.06 ± 0.77 years of
education; the 16 elderly adults (nine females, seven males)
had a mean age of 66.69 ± 5.61 years (range: 60–77 years) and
an average of 13.38 ± 3.24 years of education. In Experiment
3 (80% no-go probability; low go-prepotency), the 16 young
adults (nine females, seven males) had a mean age of 21.06 ±
1.57 years (range: 19–24 years) and an average of 14.94 ±
1.00 years of education; the 16 elderly adults (nine females,
sevenmales) had a mean age of 64.81 ± 3.95 years (range: 61–
74 years) and an average of 13.19 ± 2.86 years of education.

The two-way analysis of variance (ANOVA) on years of
age with two between-subjects factors, Age and Experiment
(i.e., no-go probability), showed a significant main effect of
age (young: 21.33 ± 1.30 years vs. old: 66 ± 4.58 years, F(1,
90) = 4,102.76, p < .01, but no significant main effect of no-go
probability and no significant interaction between age and no-
go probability (all ps > .05). The two-way ANOVA on years
of education showed a significant main effect of age (young:
13.31 ± 2.82 years vs. old: 15.17 ± 0.87 years), F(1, 90) =
17.95, p < .01, but no significant main effect of no-go proba-
bility and no significant interaction between age and no-go
probability (all ps > .05).

All participants provided their written informed consent,
and the study protocol was approved by the Institutional
Review Board of the National Cheng Kung University
Hospital, Taiwan. All participants were paid NT $500–$1,
000 (US $15–$30) for approximately 3 h of participation.
All participants were right-handed, were free of neurological
and psychological disorders, and had normal or corrected-to-
normal vision. The Mini-Mental State Examination (MMSE;
Folstein, Folstein, & McHugh, 1975) screened all participants
for dementia on the basis of the following screening criteria:
25–30 points = normal; 21–24 points = mild dementia; 14–20
points = moderate dementia; and ≤13 points = severe demen-
tia. In Experiment 1 (20% no-go probability), the mean
MMSE scores were 28.75 ± 0.45 for the younger adults and
27.06 ± 1.53 for the older adults. In Experiment 2 (50% no-go
probability), the mean MMSE scores were 28.13 ± 1.09 for
the younger adults and 27.38 ± 1.36 for the older adults. In
Experiment 3 (80% no-go probability), the mean MMSE
scores were 28.63 ± 0.50 for the younger adults and 26.63 ±
1.09 for the older adults.

The two-way ANOVA on MMSE scores showed a signif-
icant main effect of age (young: 28.50 ± 0.76 vs. old: 27.02 ±
1.33), F(1, 90) = 45.04, p < .01, but no significant main effect
of no-go probability and no significant interaction between
age and no-go probability (all ps > .05).

Results

Behavioral data analysis

The first trial of each block, trials with reaction times (RTs)
faster than 150 ms, and trials with reaction times slower than
1,500mswere discarded from further analysis. The behavioral
results are shown in Table 1. The percentages of errors were
labeled as commission errors for no-go trials and omission
errors for go trials. The results of the ANOVAs on all of the
behavioral and ERP data are summarized in Table 2.

RTs on go trials A two-way ANOVA with two between-
subjects factors (Age and No-Go Probability) on the RTs of

2 To avoid a possible waveform shift preceding the N2 component that
might affect the measure of N2 amplitudes, especially for the elderly, we
decided to measure the peak-to-peak amplitudes of the N2.
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go trials showed that younger adults generally performed
faster than the older adults, that RTs were faster in the 20%
no-go probability condition than in the 50% no-go probability
condition, and that RTs in the latter condition were faster than
RTs in the 80% no-go probability condition (all Tukey tests:
ps < .01). We found no significant interaction between the two
factors.

Percentage of errors (PEs) A repeated measures three-way
ANOVAwith two between-subjects factors (Age and No-Go
Probability) and one within-subjects factor (Stimulus Type:
go, irNOGO, cfNOGO) on PEs showed that younger adults
generally performed better (fewer errors) than the older adults,
and that errors were more frequent in the 20% no-go proba-
bility condition than in the 80% no-go probability condition
(Tukey test on 20% vs. 80%: p < .01). We also observed a
significant main effect of stimulus type, showing that irNOGO
stimuli elicited fewer errors than go stimuli, which elicited
fewer errors than cfNOGO stimuli did (all Tukey tests: ps

< .05). A significant two-way interaction between no-go prob-
ability and stimulus type was also apparent. A simple main
effect test on this interaction showed that the effect of no-go
probability was significant only on go trials (20% < 80% no-
go probability condition; Tukey test: p < .05) and cfNOGO
trials (20% > 50% > 80% no-go probability condition; all
Tukey tests: ps < .01).

Summary of behavioral data To summarize, the older adults
appeared to perform more poorly than the younger adults,
including having slower go RTs and more omission and com-
mission errors; yet this age effect was not modulated by no-go
probability or stimulus type (Table 2). In addition, the 20%
no-go probability condition elicited more errors than the 80%
no-go probability condition, which occurred only in the go
and cfNOGO trials. Finally, withholding responses seemed
to be more difficult for the cfNOGO than for the irNOGO
stimuli, as reflected by the commission errors for both age
groups.

Table 1 Behavioral data: Go reaction times (standard errors) and percentages of errors (standard errors) as a no-go probability, go/no-go stimulus type,
and age group

No-Go 20% No-Go 50% No-Go 80%

Younger Older Younger Older Younger Older

Go reaction time (ms) 451.0 (14.4) 501.7 (14.2) 516.6 (13.3) 534.7 (15.1) 554.5 (30.4) 645.8 (16.1)

Go omission error (%) 2.7 (1.1) 4.1 (1.0) 3.1 (0.8) 10.1 (1.7) 4.8 (1.7) 10.7 (2.6)

irNOGO commission error (%) 1.7 (0.6) 5.9 (1.2) 1.2 (0.6) 3.4 (0.9) 0.6 (0.3) 3.1 (1.2)

cfNOGO commission error (%) 17.2 (3.4) 25.1 (2.5) 9.7 (2.1) 17.1 (2.0) 3.9 (2.0) 6.4 (1.3)

Table 2 Summary results of the ANOVA and simple main effect tests for the behavioral and ERP analyses

ANOVA: Age × No-Go Probability × Stimulus Type RT Percentage
of Errors

N2 Latency N2
Amplitude

P3 Latency P3
Amplitude

Age F(1, 90) 12.82 ** 19.68 ** 16.16 ** 8.53 ** 1.82 (.18) 0.62 (.43)

No-Go Probability F(2, 90) 23.34 ** 6.45 ** 0.27 (.76) 4.54 * 2.02 (.14) 1.64 (.22)

Age × No-Go Probability F(2, 90) 2.02 (.14)a 0.28 (.76) 0.56 (.58) 1.95 (.19) 2.95 (.06) 2.51 (.09)

Stimulus Type F(1, 90) – – 75.49 ** 17.80 ** 42.49 ** 24.54 ** 37.36 **

Age × Stimulus Type F(1, 90) – – 1.41 (.26) 1.46 (.24) 5.18 ** 10.39 ** 8.57 **

Simple main effect of ageb

On go trials F(1, 270) – – – – – – 9.48 ** 0.37 (.54) 0.16 (.69)

On irNOGO trials F(1, 270) – – – – – – 0.82 (.37) 15.00 ** 6.02 *

On cfNOGO trials F(1, 270) – – – – – – 12.69 ** 0.01 (.93) 0.01 (.94)

No-Go Probability × Stimulus Type F(2, 90) – – 23.45 ** 0.57 (.69) 13.03 ** 1.88 (.12) 23.76 **

Simple main effect of no-go probability

On go trials F(2, 270) – – 3.24 * – – 1.83 (.19) – – 2.78 (.06)

On irNOGO trials F(2, 270) – – 0.67 (.51) – – 13.77 ** – – 10.43 **

On cfNOGO trials F(2, 270) – – 40.62 ** – – 4.60 * – – 3.72 *

Age × No-Go Probability × Stimulus Type F(2, 90) – – 1.73 (.15) 0.62 (.65) 1.29 (.31) 1.07 (.39) 1.39 (.29)

a Values in parenthesis following F values indicate the p value when statistical significance was not reached. b Results of simple main effect tests are
presented in italic type. *p < .05; **p < .01.
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ERP data

ERPs associated with each condition and age group at the FCz
and Cz sites, as well as topographic maps, are shown in Fig. 1
(including go and irNOGO trials and the respective topo-
graphic maps) and Fig. 2 (including go and cfNOGO trials
and the respective topographic maps). The repeated measures
three-way ANOVAs with two between-subjects factors (Age
and No-Go Probability) and one within-subjects factor
(Stimulus Type: go, irNOGO, cfNOGO) were calculated for
the N2 and P3, respectively.

N2

N2 peak latency The ANOVA on the N2 peak latencies
showed that younger adults exhibited earlier N2 peak latencies
than did the older adults, and that the N2 peak latency oc-
curred earlier for both go and irNOGO trials than for
cfNOGO trials.

N2 peak amplitude The ANOVA on the N2 peak amplitudes
showed that they were larger for younger adults than for older
adults and were larger in the 20% no-go probability condition
than in the 50% no-go probability condition (Turkey test: p <
.05). There was also a significant main effect of stimulus type,
showing that cfNOGO stimuli elicited the largest N2 ampli-
tudes, whereas the go stimuli elicited the smallest N2 ampli-
tudes (all Tukey tests: ps < .01).

The simple main effect tests on the interaction between age
and stimulus type showed that younger adults exhibited larger
N2 amplitudes than did older adults on go [F(1, 270) = 9.48, p
< .01] and cfNOGO stimuli, but not on irNOGO stimuli. In
addition, the simple effect tests also showed that both younger
and older adults exhibited larger N2 amplitudes for cfNOGO
than for go stimuli (and also than for irNOGO stimuli among
younger adults) (all Tukey tests: ps < .01).

The simple main effect tests on the interaction between no-
go probability and stimulus type showed that, for the irNOGO
and cfNOGO stimuli, the amplitudes were larger in the 20%
than in the 50% and 80% no-go probability conditions

Fig. 1 (a) Event-related potential (ERP) waveforms for go and irNOGO
trials in the 20%, 50%, and 80% no-go probability conditions, separately
at the FCz and Cz electrode sites for younger and older adults. (b) Topo-
graphic maps of the go N2 and irNOGO N2, separately for each no-go

stimulus probability and both age groups. (c) Topographic maps of the go
P3 and irNOGO P3, separately for each no-go stimulus probability and
both age groups. Each map describes the topographic distribution at the
indicated peak latency for each condition
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(irNOGO: 20% > 50% & 80%, Tukey tests: ps < .01;
cfNOGO: 20% > 50%; Tukey tests: ps < .01).

Summary of N2 data To summarize, older adults had longer
N2 peak latencies and smaller N2 amplitudes than younger
adults for both go and cfNOGO stimuli, but not for irNOGO
stimuli (Table 2). In addition, both age groups exhibited larger
N2 amplitudes for cfNOGO than for go stimuli (and also than
for irNOGO stimuli among younger adults). For both no-go
stimulus types, the N2 amplitudes were modulated by no-go
probability, with larger N2 amplitudes being associated more
with the 20% no-go probability than with the other no-go
probability conditions.

P3

P3 peak latency The ANOVA on the P3 peak latencies
showed the latest P3 peak latency on cfNOGO stimuli and
the earliest P3 peak latency on irNOGO stimuli (Tukey test:
ps < .05). We also found a significant two-way interaction
between age and stimulus type. The simple main effect tests

on this interaction showed that younger adults exhibited ear-
lier P3 peak latencies than older adults only for irNOGO stim-
uli, but not for go and cfNOGO stimuli.

P3 peak amplitude The ANOVA on P3 peak amplitudes
showed larger P3 amplitudes for irNOGO than for go and
cfNOGO stimuli (all Tukey tests: ps < .01). There was also a
significant two-way interaction between age and stimulus
type. A simple main effect test on this interaction showed that
older adults exhibited larger P3 amplitudes than did young
adults for irNOGO, but not go and cfNOGO, stimuli.

The simple effect tests on the two-way interaction between
no-go probability and stimulus type showed that, for the
irNOGO and cfNOGO stimuli, the amplitudes were larger in
the 20% than in the 50% (and also the 80%, for the irNOGO
stimuli) no-go probability condition (irNOGO: 20% > 50% &
80%, all Tukey tests: ps < .01; cfNOGO: 20% > 50% > 80%,
all Tukey tests: ps < .01).

Summary of P3 data To summarize, the significant main
effect of age on P3 peak latencies and amplitudes occurred

Fig. 2 (a) Event-related potential (ERP) waveforms for go and cfNOGO
trials in the 20%, 50%, and 80% no-go probability conditions, separately
at the FCz and Cz electrode sites for the younger and older adults. (b)
Topographic maps of the go N2 and cfNOGON2, separately for each no-

go stimulus probability and both age groups. (c) Topographic maps of the
go P3 and cfNOGO P3, separately for each no-go stimulus probability
and both age groups. Each map describes the topographic distribution at
the indicated peak latency for each condition
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mainly for the irNOGO stimuli, but not the cfNOGO stimu-
li—that is, the P3 peak latency occurred later and the P3 peak
amplitude was larger for the older than for the younger adults,
but only on irNOGO trials (Table 2). In addition, for both age
groups, the P3 amplitudes for both irNOGO and cfNOGO
stimuli were modulated by the no-go probability, with the
largest P3 amplitudes being associated with 20% no-go
probability.

Discussion

In this study, we aimed to examine whether older adults, rel-
ative to younger adults, suffered from generic inhibition, se-
lective inhibition, and/or distraction deficits, assessed by be-
havioral and electrophysiological measures in a go/no-go task
paradigm that included manipulations of no-go stimulus type
(irrelevant vs. conflict) and probability (20%, 50%, and 80%
no-go stimuli).

Behavioral findings

The present behavioral results showed that the older adults
performed more poorly than the younger adults, as reflected
by their slower RTs on go trials, additional omission errors on
go trials, and additional commission errors on no-go trials.
This effect of age on the behavioral performance of the groups
in the go/no-go task paradigm was not accompanied by an
interaction with no-go stimulus probability (the degree of
go-prepotency), even though we did observe a significant
main effect of no-go probability on both RTs and PEs. The
effect of age did not interact with stimulus type, in that both
age groups committed more errors for cfNOGO than for
irNOGO trials, suggesting that it might be more difficult to
withhold a response in cfNOGO than in irNOGO trials.

The observed inferior performance of the older adults in a
go/no-go task is consistent with the well-known frontal lobe
hypothesis (Dempster, 1992; Dennis & Cabeza, 2008; Raz,
2000; West, 2000). Many studies have reported similar results
and suggested generic inhibition deficits in the elderly
(Bokura, Yamaguchi, Matsubara, & Kobayashi, 2002; Lucci,
Berchicci, Spinelli, Taddei, & Di Russo, 2013; Pires et al.,
2014; Vallesi, 2011; Vallesi, Stuss, McIntosh, & Picton,
2009); however, relatively few studies have investigated
age-related differences in the processing of different types of
no-go stimuli (but see Vallesi et al., 2009) or of different con-
texts of go/no-go stimulus probabilities. In our previous series
of studies using flanker task paradigms, we observed that the
ability of older adults to overcome flanker interference was
modulated by either different degrees of response bias (Hsieh
& Fang, 2012) or different types of central targets (Hsieh &
Lin, 2014). It is thus of empirical and theoretical interest to
determine whether the ability of older adults to suppress

prepotent responses can also be modulated by some task pa-
rameters. Although we observed that the no-go probability
and no-go trial type modulated the participants’ performance
in the go/no-go task paradigm, these factors did not further
interact with age-related differences in go/no-go behavioral
performance (i.e., the older adults exhibited slower go RTs,
higher go omission error rates, and higher no-go commission
error rates). Hence, the behavioral results seem to suggest a
generic inhibition deficit in older adults. Yet, because overt
responses cannot be directly measured for no-go trials, and
therefore inhibitory function can be inferred only through
the observation of indirect commission errors, it is unclear
whether the underlying processes that are sensitive to aging
are similar across the different types of no-go stimuli and/or
the different no-go probability conditions. Hence, in the pres-
ent study we adopted an electrophysiological approach to un-
cover the neural processes underlying the age-related differ-
ences in suppression during no-go trials. We computed the P3
and N2 components because the functions of these compo-
nents are closely related to inhibition and/or response conflict
monitoring.

ERP findings

The present ERP results generally echo the behavioral find-
ings, but they also provide additional information regarding
the processing of no-go stimuli. Regarding the main effect of
aging, whereas the behavioral data show inferior performance
by the elderly as compared to young adults, the N2 peak
latency occurred later and the N2 peak amplitude was smaller
for the elderly. The smaller N2 associated with more errors has
often been presented as evidence for reduced inhibition effi-
cacy (Roche et al., 2005; van Boxtel et al., 2001) and/or inef-
ficient conflict monitoring (Nieuwenhuis et al., 2003; van
Veen & Carter, 2002a, b). Hence, the present ERP data seem
to be in line with the behavioral data, suggesting either a
generic age-related inhibition deficit or an age-related con-
flict-monitoring deficit.

The present N2 and P3 data provide additional information
to dissociate the mechanisms for processing different types of
no-go stimuli that could not be provided by the behavioral
data. That is, although the behavioral data showed no signif-
icant interaction of age and stimulus type, the N2 and P3 peak
amplitudes did show such an interaction. Furthermore, these
interactions on the N2 and P3 peak amplitudes were dissocia-
ble—that is, whereas the older adults exhibited larger P3 peak
amplitudes and delayed P3 peak latencies specifically for
irNOGO but not for cfNOGO trials relative to the younger
adults, they exhibited smaller N2 amplitudes specifically for
cfNOGO trials. The results suggest that irNOGO and
cfNOGO stimuli might elicit different processes that are dif-
ferentially impacted by aging as compared to the go stimuli,
the irNOGO stimuli were more easily distinguished because
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the difference was in the semantic category of the stimuli (i.e.,
numbers vs. letters), whereas the cfNOGO stimuli were not
easily distinguished because the difference was related to the
junction between features (i.e., red O/blue X vs. blue O/red
X). Therefore, the increased P3 amplitude and earlier P3
latency for irNOGO trials seems to suggest that the older
adults were less able to overcome the distractions and
processed the irrelevant visual information more than was
necessary. Using the oddball paradigm, Sawaki and
Katayama (2008) suggested that rare distractors might capture
attention, which enables attention to be allocated to the irrel-
evant information (similar to the irNOGO stimuli used in this
study). Therefore, the age-related differences in irNOGO per-
formance PEs might be related to the reduced ability of the
older adults to overcome distraction. Conversely, when elicit-
ed by cfNOGO stimuli, errors would probably more directly
involve conflict-monitoring processes (Smith et al., 2008;
Vallesi et al., 2009). Accordingly, it is not surprising to ob-
serve a significant main effect of age on N2 amplitudes spe-
cifically for cfNOGO stimuli. Therefore, the age-related dif-
ferences in cfNOGO performance PEs might be related to the
reduced ability of older adults to inhibit response prepotency
under conditions in which both go and cfNOGO stimuli share
similar features, which elicits higher conflict. The present
findings of the seesaw functions between the N2 and P3 are
consistent with some previous studies suggesting that the N2
primarily reflects conflict-related effects, whereas the P3 pre-
dominately reflects motor inhibition (Enriquez-Geppert et al.,
2010; Huster et al., 2013).

With regard to the manipulation of no-go stimulus proba-
bility, the behavioral data showed a significant interaction of
no-go probability and stimulus type, and the present ERP
results also showed similar interactions for both the N2 and
P3 peak amplitudes. In addition, such an interaction was not
further modulated by aging; that is, both age groups showed
that the amplitudes of the N2 and P3 varied significantly as a
function of the no-go probability, with larger amplitudes being
associated with the 20% no-go probability rather than the
other probability conditions. Hence, the present behavioral
and ERP results consistently showed age-related declines in
go/no-go task performance, regardless of no-go probability
and the type of no-go stimulus. When we began this study,
the 20% no-go probability was expected to elicit maximal
engagement of executive control to inhibit no-go stimuli
(Bruin & Wijers, 2002; Ford et al., 2004); hence, one would
further expect to observe a more pronounced effect of age in
the 20% no-go probability condition, because the elderly are
known to suffer from frontal lobe decline (Dempster, 1992;
Dennis & Cabeza, 2008; Raz, 2000; West, 2000). One possi-
bility for why we did not observe the interaction of no-go
probability with age-related performance may be due to our
between-subjects design. Nevertheless, this speculation can-
not fully explain why we could still successfully induce the

degree of control demand, as reflected in RTs and PEs, even
though such a factor did not interact with age-related perfor-
mance. Another possibility for not finding age effects on per-
formance at different no-go probabilities may be low power
due to the small number of trials split across the multiple
conditions. Future study will be needed to clarify these
possibilities.

Theoretical implications

In this study we set out to test some well-known age-related
hypotheses: the generic-inhibition-deficit (Hasher & Zacks,
1988), the selective-inhibition-deficit (Anguera & Gazzaley,
2012), and the distractibility theories of aging (Healey et al.,
2008). The present results, showing dissociable age-related
ERP modulations for cfNOGO and irNOGO stimuli, as
reflected in the N2 and P3, respectively, appeared to support
both the selective-inhibition-deficit and distractibility theories
of aging. Some previous studies using either the same go/no-
go task or other inhibition-related tasks have also suggested
selective age-related inhibition deficits (e.g., Anguera &
Gazzaley, 2012; Falkenstein et al., 2002; Hsieh & Lin, 2014;
Kramer et al., 1994). On the other hand, other studies have
demonstrated that older adults’ performance can be disrupted
by distraction, hence supporting the distractibility theory of
aging (see Healey et al., 2008, for a review). Therefore, the
major contribution of the present study is to provide evidence
showing that both hypotheses are not exclusive in describing
the age-related deficits in performing a go/no-go task.

In addition, the present findings of dissociable age-related
modulations on the N2 and P3 components, evoked by
cfNOGO and irNOGO stimuli, respectively, also provide the-
oretical implications regarding the functional meanings of the
N2 and P3: The N2 seemed to be more sensitive to conflict
information, whereas the P3 was more related to inhibition of
distraction.

Conclusion

To conclude, this study has provided information showing that
the inhibition deficits of older adults in a go/no-go task para-
digm might be due to different underlying mechanisms: dis-
proportionate processing of irrelevant no-go stimuli when the
stimuli are easily distinguishable from the target stimuli, and
disproportionate suppression of conflicting information when
executing or withholding a response when the no-go stimuli
share similar features with the go stimuli.
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