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Figure 3. Grand mean ERPs to Go (solid line) and Nogo (dashed line) across condition (top left panel) and for each task difficulty condition

separately (remaining three panels) at nine scalp locations.
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3.4.1N1

N1 peaked at 143.7 ms, with no condition differences for latency (Low = 138.9 ms, Medium
= 144.5 ms, High = 147.7 ms).

The general topography of the N1 (i.e. across stimulus and condition) showed a frontocentral
maximum, with a left-midline focus (see Table 2 for effect summaries and means). Between
task difficulty conditions and across stimulus, the central > frontoparietal difference was
reduced with increasing task difficulty (i.e. L > M > H), highlighting a larger N1 amplitude
in posterior regions for the Medium/High, relative to the Low condition. On the Lateral
dimension, the Low condition showed a large midline > hemispheres effect, in contrast to

the Medium and High conditions, which displayed little hemispheric variation.

Notably, there was a significant difference for the N1 to Go vs. Nogo stimuli among the
conditions. The Low condition showed a clear Go > Nogo N1, while this effect was reduced
to be almost equipotential for the Medium condition, and reversed for the High condition
(i.e. Nogo > Go N1, see Figure 4 for head maps and Figure 5, top left panel, for Go vs. Nogo

comparisons).

3.4.2P2

P2 peaked at 226.1 ms, with no condition differences in latency (Low = 231.7 ms, Medium
=224.1 ms, High = 222.4), showed a parietal maxima, with a right > left effect also reaching
significance (see Table 2 for effect summaries and means). Across the scalp, the P2 showed
a Go > Nogo effect. On the Lateral dimension, both the right > left and midline >
hemispheres effect was larger for the Go than Nogo stimuli, highlighting an enhanced Go

relative to the Nogo P2 in the right hemisphere.

Globally, the P2 component was the largest in the Low condition and decreased linearly with

increasing time pressure (i.e. L > M > H). Importantly, between stimuli (i.e. Go vs. Nogo),
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the Low condition showed a small Nogo > Go effect, while the Medium and High conditions
displayed the opposite pattern — highlighting a reduction in the Nogo P2 with increasing task
difficulty (see Figure 5). This effect was most apparent in posterior regions, with the Low
condition showing a larger Posterior > Frontal effect for Nogo compared to Go (parietal vs.
frontal difference: Nogo 3.5 vs. Go 2.7 uV), which was relatively equipotential for the
Medium (Nogo 3.1 vs. Go 3.2 uV), and reversed for the High condition (Nogo 1.7 vs. Go
4.2 uV; see Figure 6 top panel).

Table 2. Significant results for the early ERP components, the N1 and P2.

Measure Effect Contrast Details F n2
N1 S fvs.p -1.7vs.0.0 21.08*** 243
cvs.flp -1.2vs.-0.9 12.72* 012
L lvs.r -1.0vs.-0.8 4.61* .039
mvs. I/r -1.1vs.-0.9 5.86* .039
S xCond Czvs. Fzlipz Low:-1.1vs.-0.4
Med: -1.1vs.-1.2
High:-1.4vs -1.0 4.48* .009
L xCond m vs. I/r Low: -1.0vs.-0.5
Med: -1.2vs.-1.1
High:-1.1vs.-1.1 5.14**  .063
Stim x Cond Go vs. Nogo Low:-1.1.vs.-0.2
Med: -1.2vs.-1.1
High:-0.6 vs.-1.7 6.55** 187
P2 S fvs.p 23vs.54 51.47** 430
L lvs.r 3.4vs.43 27.89*** 193
Stim Go vs. Nogo 46vs.3.4 12.58** 146
L x Stim lvs.r Go:3.8vs.5.1
Nogo: 3.1 vs. 3.6 16.88*** 127
m vs. I/r Go:4.8vs. 4.4
Nogo: 3.4 vs. 3.3 5.60* .030
Cond Low vs. High 3.3vws.54 5.29* .085
Stim x Cond Go vs. Nogo Low:5.1vs.5.8
Med: 4.1vs.2.3
High:45vs.2.1 8.34** 193
S x Stim xCond fvs.p Low: Go, 3.5 t0 6.2; Nogo, 3.7t0 7.2
Med: Go, 2.3 to 5.5; Nogo, 0.7 to 3.8
High: Go, 2.5 t0 6.7; Nogo, 1.3 to 3.0 4.89* 128

*=<.05 **=<.01, ***=<.001

Details column represents mean amplitude in pyV. Abbreviations for this and subsequent tables in this
study: Cond, Condition: Low/Medium/High task difficulty. Low, Low task difficulty condition. Med,
Medium difficulty condition, High, High difficulty condition. Stim, Stimulus type: Go/NoGo. Lateral (L)
abbreviations: |, mean left hemisphere (F3, C3, P3); r, mean right hemisphere (F4, C4, P4); I/r,
mean of the left and right hemispheres (F3, C3, P3, F4, C4, P4); m, mean of the midline (Fz, Cz, Pz).
Sagittal (S) abbreviations: f, mean frontal (F3, Fz, F4); p, mean parietal (P3, Pz, P4); c, mean central
(C3, Cz, C4); f/p, mean of frontal and parietal (F3, Fz, F4, P3, Pz, P4). Lateral by Sagittal (L x S)
interactions: sites (e.g. f4) represent position on scalp (for e.g. frontal right hemisphere); f3/p3,
mean of frontal and parietal left hemisphere; f4/p4, mean of frontal and parietal right hemisphere;
fz/pz, mean of frontal and parietal midline; f3/f4, mean of frontal left and right hemispheres; p3/p4,
mean of parietal left and right hemispheres; c3/c4, mean of central left and right hemispheres;
f3f4/p3p4, mean of frontal and parietal left and right hemispheres.
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Figure 4. Topographic maps for each ERP component to Go (top panel) and Nogo (bottom
panel) stimuli separately. Scale values represent the ends of the colour scale in pV for each
component. Darkest blue = negativity, red = positivity.
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In summary, the analyses of the early ERP potentials to Go/Nogo stimuli showed increased
Nogo N1 amplitudes across the scalp with increasing task difficulty. However, the Nogo P2
declined with time pressure, showing the smallest amplitudes over posterior regions in the

High condition.

3.4.2 N2

N2 (mean latency 272.9 ms) peaked earlier for Go (269.8 ms) than Nogo stimuli (276.1 ms;
F =5.15, p=.007, n2 = .085), and decreased linearly with task difficulty, being shorter for
the High (265.6 ms), than Medium (270.5 ms) and Low conditions (282.7 ms; F = 10.24, p
=.002, 12 = .152),

The N2 showed a frontal maximum, and was larger in the left than right hemisphere, and
greatest in the midline (see Table 3). N2 amplitude was larger to Nogo than Go stimuli, with
the left > right effect being greater for the Go than Nogo N2, due mainly to an enhanced

midline > hemispheres effect for the Nogo N2.

Table 3. Significant results for the N2.

Measure Effect Contrast Details F n’
N2 S fvs.p -08vs.4.6 158.43*** 687
L lvs.r 16t028 46.49%** 242
mvs. I/ 16vs.2.2 16.98*** 102
Stim Go vs. Nogo 35vs.04 46.86*** 343
L x Stim lvs.r Go:29vs. 4.5
Nogo: 0.3 vs. 1.1 14.10*** 111
mvs. I/ Go0:3.3vs.3.7
Nogo:-0.2 vs. 0.7 19.43** 079
Cond Low vs. High 41vs. 1.1 9.22** 139
Med vs. High/Low 09vs.2.6 3.97* .065
Stim x Cond Go vs. Nogo Low:4.0vs. 4.1
Med: 2.5 vs.-0.8
High: 4.2 vs.-2.0 16.22*** 238
S x Stim x Cond fvs.p Low: Go, 0.9 to 6.5; Nogo, 0.6 t0 6.8
Med: Go, -0.4 to 5.2; Nogo, -3.3t0 1.6
High: Go, 1.1 to 7.2; Nogo, -3.9 to 0.4 3.25* .075
cvs.flp Low: Go, 4.7 to 3.7; Nogo, 5.1 to 3.7
Med: Go, 2.7 to 2.4; Nogo, -0.7 to -0.9
High: Go, 4.3 to 4.2; Nogo, -2.8t0 -1.8 6.81**  .043

*=<.05 **=<.01, ***=<.001
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Figure 5. Go vs. Nogo amplitude across the scalp, by task difficulty condition, for the N1 (top left panel), P2 (top right panel), N2 (bottom left) and P3
(bottom right panel).



20

Linear and quadratic interactions revealed that N2 amplitude (i.e. Go + Nogo) increased with
increasing task difficulty (i.e. H> M > L), which was characterised by a rapid rise from Low
to Medium, but a relatively equipotential component for the Medium/High conditions.
Notably, the Nogo > Go effect increased linearly with task difficulty (i.e. H>M > L),
highlighting an augmented Nogo N2 across the scalp particularly for the High condition (see
Figure 5). As shown in Figure 6, the High condition displayed an enhanced Nogo > Go N2
effect in parietocentral regions compared to the Medium/Low conditions. This is evidenced
by a reduced frontal > parietal gradient (parietal vs. frontal difference: Nogo 4.3, Go 6.1 uV)
and an increased central > frontal/parietal effect (central vs. frontal/parietal difference: Nogo
1.0, Go 0.1 uV) to Nogo compared to Go stimuli for the High condition, an effect which
was reduced in the Medium (P vs. F diff.: Nogo 4.9, Go 5.6 uV; c vs. f/p: Nogo, 0.3, Go 0.3
uV) and relatively equipotential for the Low condition (P vs. F diff.: Nogo 5.8, Go 5.6 puV;c
vs. f/p: Nogo, 1.4, Go 1.0 uV). The association between inhibition performance and the
Nogo > Go N2 effect was evaluated by calculating Pearson’s correlation between Nogo
errors and the N2 effect (Nogo N2 — Go N2 at Fz, with larger negative scores indicating a
larger Nogo > Go N2 effect). Results indicated an association between poorer inhibitory

performance and larger Nogo N2 amplitudes (r = -.41, p = .001).

3.4.3P3

P3 (mean latency 381.6 ms) peaked later for Nogo (401.8 ms) than Go stimuli (373.4 ms; F
=42.56, p <.001, n2 =.372). This effect differed between conditions: with the P3 peaking

much later for Nogo than Go stimuli for the High (Go vs. Nogo difference: 52 ms) than the
Medium (Go vs. Nogo difference: 15 ms) and Low conditions (Go vs. Nogo difference: 17

ms; F=7.41, p=.001, 2 =.130).

The P3 showed parietocentral and right midline maxima (see Table 4) in the Sagittal and
Lateral dimensions, respectively. P3 amplitude was globally larger to Nogo than Go stimuli.
A reduced parietal > frontal gradient (parietal vs. frontal difference: Nogo 3.6, Go 7.1 uV)
and an increased central > frontal/parietal effect in Nogo compared to Go stimuli (central vs.
frontal/parietal difference: Nogo 2.8, Go 1.8 uV), highlighted a more anterior P3 to Nogo
relative to Go stimuli. In addition, while the right > left effect was reduced for Nogo relative

to Go stimuli, the midline hemisphere effect was increased.



Table 4. Significant results for the P3.
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Measure Effect Contrast Details F n
P3 S fvs.p 9.8vs.15.1 121.23*** 792
cvs.flp 14.8vs.12.5 113.89*** 202
L lvs.r 12.1vs.13.2 26.71** 117
mvs. Iir 144 vs.12.7 99.73*** 381
Stim Go vs. Nogo 12.1vs.14.3 13.57** 176
S x Stim fvs.p Go:8.0vs. 151
Nogo: 11.6 vs. 15.2 54.34*** 376
cvs.flp Go:13.3vs. 115
Nogo: 16.2 vs. 13.4 24.33** 049
L x Stim lvs.r Go:11.0vs.12.4
Nogo: 13.2 vs. 14.0 5.24* .038
m vs. I/ Go:13.0vs.11.7
Nogo: 15.8 vs. 13.6 28.07*** 141
Stim x Cond Go vs. Nogo Low: 10.8 vs. 13.3
Med: 12.6 to 15.8
High: 13.9 vs. 13.9 3.34* .086
S xStim X Cond fvs.p Low: Go, 6.3 to 12.2; Nogo, 10.3 to 14.2
Med: Go, 8.4 to 16.0; Nogo, 12.6 to 16.9
High: Go, 9.4 to 17.0; Nogo, 11.8 to 14.4 3.35* .046
cvs.flp Low: Go, 11.1 to 9.3; Nogo, 15.3t0 12.3
Med: Go, 13.5t0 12.2; Nogo, 18.0 to 14.8
High: Go, 15.3t0 13.2; Nogo, 15.5t0 13.1  4.41* .018
L x Stim X Cond mvs. l/r Low: Go, 10.2 to 9.7; Nogo, 14.3t0 12.8
Med: Go, 13.3t0 12.3; Nogo, 17.6 to 14.9
High: 15.3 to 13.2: Nogo, 15.4 t0 13.1 6.84** .069

*=<.05 **=<.01, *** =<.001

Globally, the Nogo > Go P3 effect increased from the Low (Go vs. Nogo difference: 2.5 uV)

to the Medium condition (Go vs. Nogo difference: 3.2 uV), contrasting with the High, which

showed little difference between stimulus types (Go vs. Nogo difference: 0.0 puV; Figure 5).

The distribution of the Nogo > Go P3 effect also differed between conditions: the Nogo

relative to the Go P3 showed a more anterior focus for the Medium (parietal vs. frontal

difference: Nogo 4.2, Go 7.6 uV; central vs. frontal/parietal difference: Nogo 3.2, Go 1.3

uV) than the Low condition (parietal vs. frontal difference: Nogo 4.2, Go 6.0 uV; central vs.

frontal/parietal difference: Nogo 1.5, Go 3.0 uV), with this effect being reduced for the High

condition (parietal vs. frontal difference: Nogo 2.6, Go 7.6 uV; central vs. frontal/parietal

difference: Nogo 2.2, Go 2.1 uV). This effect highlights a reduction in centroparietal Nogo

P3 activity for the High condition (see Figure 6). Similarly, on the Lateral dimension, a

midline > hemispheres effect for Nogo relative to Go stimuli increased slightly from the

Low (Mid. vs. Hem. diff.: Nogo 1.5, Go 0.5 uV) to the Medium condition (Mid. vs. Hem.
diff.: Nogo 2.7, Go 1.0 uV), but was reduced for the High (Mid. vs. Hem. diff.: Nogo 2.3,

Go 2.1 uVv).
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In summary, the Nogo > Go N2 effect increased incrementally and peaked earlier as a
function of task difficulty, with the largest amplitudes and shortest latencies in the High
condition. By contrast, while the Nogo > Go P3 effect increased from Low to the Medium
condition, it was significantly reduced for the High condition. Differences in the distribution
for the Nogo > Go P3 effect were most apparent frontocentrally between the Low and
Medium conditions, while the High showed a reduction in Nogo P3 activity in the
centroparietal region.

4. Discussion

The primary aim of this study was to examine the influence of varying task difficulty, by the
use of reaction time deadline, on the behavioural and ERP indices of inhibitory control
during performance of the Go/Nogo task. In addition, we investigated whether the effect of
task difficulty would also extend to the early ERP potentials, task-related arousal and
perceived effort.

4.1 Task Performance

Our results indicate that task performance was significantly affected by variations in task
difficulty. Specifically, Go and Nogo errors incrementally increased with each increase in
task difficulty (i.e. RTD reduction: Table 1), with the greatest number of errors in the High
condition. Importantly, modulations in task difficulty were also reflected by concurrent
increases in perceived effort (Figure 2), consistent with the idea that greater effortful control
is required when the need to inhibit is high (Jodo and Kayama, 1992). Since previous
research has either not utilised graded task difficulty levels (for e.g. Band et al., 2003; Smith
et al., 2006), or did not report task performance data (Jodo and Kayama, 1992), these results
provide clear self-report and behavioural evidence that Go/Nogo task difficulty can be

incrementally increased by the use of RTDs.
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4.2 SCL Arousal

Arousal level did not differ among conditions and did not appear to be related to task
difficulty or performance in the present study. Combined with the findings of cumulative
increases in Go/Nogo errors with increasing task difficulty, this SCL result differs from
previous work suggesting that arousal is dependent on the difficulty level of a given task
(Yerkes and Dodson, 1908). It is interesting to note, however, that arousal level was not
completely static among conditions, with a tendency for arousal to show a Low/High >
Medium effect — in line with previous work suggesting increased arousal levels during
slow/fast, relative to medium speeds of presentation (Sanders, 1983). Alternatively, a more
complete explanation might be in regard to the use of skin conductance level as a measure of
arousal in the current research. In a series of studies, Barry and colleagues (e.g. Barry et al.,
2005) experimentally differentiated between ‘arousal’, referring to the current energetic state
of an individual, and “activation’, which refers to the task-related mobilisation of arousal.
Notably, arousal was not found to be related to any of the performance variables, but
instead, task-related activation significantly determined improvements in both reaction time
and errors. Recent work by this group has also reported the classic inverted-U relationships
between task-related activation and performance in a variety of tasks (VaezMousavi and
Osanlu, 2008; VaezMousavi et al., 2009). Thus, it might be advantageous in future research
to employ measures of task-related activation to more thoroughly explore the influence of

task difficulty on arousal/activation.

4.3 Early ERP Findings

Although the primary aim of this study was to investigate the influence of a task difficulty
manipulation on the inhibition-related ERP components of the N2 and P3, we report
significant condition effects for the early exogenous potentials of the N1 and P2.
Specifically, while the Low condition showed a Go > Nogo N1 effect across the scalp, this
effect was reversed and increased with task difficulty, to show a large Nogo > Go effect for
the High condition (see Figure 4 for head maps and Figure 5 for Go vs. Nogo plots).
Previous examinations linking N1 and RT have produced mixed results: Bahramali, Gordon,
& Li (1998) and Karlin et al., (1971) reported a larger N1 with fast responses, while Starr,

Sandroni, and Michalewski (1995) found no significant differences. The N1 component is
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generally thought to represent the initial sensory extraction of, and attention to stimuli
(Néaatanen & Picton, 1987), while previous investigators have interpreted an increased N140
to NoGo stimuli as reflecting an early manifestation of inhibitory processing (Nakata et al.,
2004). Therefore, an enhanced Nogo N1 may reflect the greater visual resources required for
inhibitory processing as a function of task difficulty - potentially indicating that the early
extraction of stimulus information can be modulated by task demands (Miller et al., 2011),
with implications for information processing at later stages (Smith et al., 2004).

While typically considered an exogenous component, the functional significance of the P2 in
Go/Nogo tasks has yet to be resolved (Benikos and Johnstone, 2009; Wiersema et al., 2006).
In discrimination paradigms, the P2 is thought to be involved in the protection against
interference from irrelevant stimuli (Garcia-Larrea et al., 1992), giving the imperative
stimulus a clear path for further processing (Oades, 1998). Ross and Tremblay (2009) posit
that enhanced parietal P2 amplitudes reflects the physiological processes associated with
improved task performance — an interpretation in line with reports of larger P2s with
concurrent reductions in reaction time (Johnstone et al., 2005; Tonga et al., 2009) and
commission errors (Johnstone et al., 2005; Kenemans et al., 1993; Smid et al., 1999). In line
with this, the Low condition showed a slightly larger Nogo than Go P2; in contrast to the
Medium and High conditions, which displayed a large reduction in Nogo P2 amplitude
primarily in posterior regions. Since larger P2s have also been linked to deliberately initiated
actions (Kuhn et al., 2009), it is possible that with sufficient time to respond, participants in
the Low condition were more able to appropriately respond to Go/Nogo stimuli. In contrast,
despite the enhanced activation of the Nogo N1, increased task difficulty in the High
conditions could have reduced the ability of these participants to suppress extraneous stimuli
and inhibit responses. These results are consistent with previous research suggesting that
although the primary emphasis in the response inhibition literature has been the N2/P3
complex, earlier waveform components such as the N1 and P2 may play an important role in
inhibition success (Roche et al., 2005; Thomas et al., 2009). It thus seems reasonable to
suggest that the Nogo P2 reductions seen in this study are largely due to task difficulty
effects, and could be linked, in part, to impairments in inhibitory processing and declines in

performance.
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4.3 Inhibition-related ERP components

Across conditions, we replicated the well-known inhibition-related effects of increased N2
amplitudes and a more anterior P3 to Nogo relative to Go stimuli (Eimer, 1993; Kenemans
etal., 1993; Oddy et al., 2005). Go N2 peaked earlier than the Nogo N2 (Jodo and Kayama,
1992), while the reverse was found for the P3 (i.e. Nogo P3 > Go P3 latency; Fallgatter and
Strik, 1991; Salisbury et al., 2004). Finally, the current study also reports globally enhanced
N2 amplitudes with increasing task difficulty, in line with previous research linking larger
N2 peaks with faster responses (Bahramali et al., 1998; Starr et al., 1995).

4.4 N2

The Nogo > Go N2 effect was larger (Figure 5) and occurred earlier with each increase in
task difficulty, as has been reported in previous studies (Band et al., 2003; Falkenstein,
2006; Jodo and Inoue, 1990). Since previous research by Jodo & Kayama (1992) did not
report behavioural data, this study demonstrates that graded increases in task difficulty (via
RTD) are reflected by incremental amplitude increases and reductions in Nogo N2 latency.
In a frequently cited study, Falkenstein et al. (1999) reported that the Nogo N2 was larger
and earlier in good compared to poor inhibitors (as measured by the number of commission
errors), interpreted as due to a stronger and earlier inhibition process by the good inhibitors.
In contrast, the present study reports the opposite effect (i.e. shorter latencies and increased
Nogo N2 amplitudes) for the high difficulty condition, which showed the greatest number of
inhibition errors. Given the significant correlation indicating an inverse relationship between
Nogo N2 amplitude and inhibition performance, this argues against the interpretation of the
Nogo N2 as pre-motor index of inhibitory control (e.g. Kok, 1999). Recently, however,
evidence linking the N2 to response conflict has been accumulating (Smith, Johnstone &
BarrySmith et al., 2010). The conflict theory of N2 predicts increased competition between
Go and Nogo representations on correct trials when participants are required to emphasise
speed over accuracy (van Veen and Carter, 2002). Thus, it might be that variations in the
amplitude N2 reflect incremental increases in response conflict with task difficulty, rather

than inhibitory control.
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It is noteworthy to report that the Nogo N2 also appeared to change its distribution with
enhanced difficulty, displaying an increased Nogo > Go N2 effect at centroparietal regions
for the High condition (Figure 6). A prominent review of the N2 has suggested that it does
not reflect a single underlying process, but rather a family of sub-components related to
cognitive control (Folstein and Van Petten, 2008). In line with this, it may be that this
Condition x Site interaction is suggestive of different neural generators of the N2 for each
condition (Johnson, 1993). According to Kok (2001), changes in cognitive processing are a
common effect of task difficulty manipulations. Therefore, it may be that different neural
generators of the N2 are differentially sensitive to task difficulty in the Go/Nogo task,
potentially leading to alterations in its distribution.

4.5P3

The Nogo > Go P3 effect increased from the Low to the Medium condition, with little
difference found between the stimulus types for the High condition. A more anterior NoGo
than Go P3 is considered to be reflective of inhibitory processing by some researchers
(Bekker et al., 2005; Kok et al., 2004; Smith and Douglas, 2011), and via the use of three
task difficulty levels, the results from the present study appear to support this idea. That is,
the larger Nogo than Go P3 for the Medium than Low condition (primarily at frontocentral
regions) may be reflective of an increased requirement for inhibitory processing with
increasing task difficulty. Beyond this point, however, task difficulty seems to overwhelm
the response inhibition mechanism, leading to reductions in the Nogo P3 effect. Indeed the
findings of longer Nogo P3 latency and 25% commission errors for the High as opposed to
11.1% commission errors for the Medium condition, is consistent with this interpretation.
Studies investigating workload (for a review see Kok, 1997) and semantic categorisation
(Maguire et al., 2009; Maguire et al., 2011) have reported similar reductions in P3 amplitude

with increasing task difficulty

However, it is interesting to note that the distribution of the Nogo P3 revealed amplitude
reductions for the High condition at centroparietal regions (see Figure 6). Thus it may
argued that the relative decline of the Nogo P3 during high task difficulty may not be solely
due to variations in inhibitory processing given that, (a) it is not a frontal change, (b) frontal

Nogo P3 amplitude does not appear to differ substantially between the Medium and High
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conditions (Figure 6), and (c) previous research has shown a clear relationship between
frontal lobe activation and inhibitory processing (e.g. Rubia et al., 2001). Reduced Nogo P3
amplitudes over centroparietal regions with increasing task difficulty may thus be better
explained in terms of a decrease in the ability to evaluate inhibition success (e.g. Beste et al.,
2010). That is, although ISIs were kept consistent between conditions, participants in the
High condition may have perceived that too little time was available to adequately monitor
the inhibition outcome, leading to reductions in the centroparietal Nogo P3. It can also be
argued that the functional interpretation of the Nogo P3 is dependent on the scalp
topography (Tekok-Kilic et al., 2001; Vallesi, 2011), and that two distinct processes are
contributing to the differences between conditions: a response inhibition process which
produces the more anterior Nogo than Go P3for the Low and Medium conditions, and an
inhibition monitoring process that is reflected by the centroparietal reductions for the High

condition. However, this notion requires further investigation.

This investigation is not without limitations. Future studies could consider the use of a
within-subjects design, which would add statistical power and reduce the error variance
between conditions. In addition, due to the use of a psychology undergraduate population,
all three task difficulty conditions contained many more females than males. While the issue
of gender effects has not been well-studied in the Go/Nogo context, recent research by Yuan
and colleagues (2008) has reported that women showed shorter latencies and larger
amplitudes for deviant-related P2, N2 and P3 components. Accordingly, the use equal
number of males and females might be useful in future research to further clarify the effect

of task difficulty on inhibitory performance and processing.

4.6 Conclusions

In summary, this study reports that task difficulty in the Go/Nogo task can be effectively
manipulated by varying RTDs. In the context of declines in task performance and the
absence of arousal effects, incremental amplitude increases and reductions in latency were
seen for the Nogo N2, potentially indicating enhanced response conflict with greater
Go/Nogo task demands. In contrast, the NogoP3 effect was reduced with increasing task
difficulty, suggesting that reductions in RTD may serve to impair inhibition-related

processing or monitoring. Finally, our data also imply that the inhibitory control may not be
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solely manifested by modulations in the N2 and P3, but that differential processing of the N1
and the P2 may also influence Go/Nogo task performance. These findings have real-world
significance in light of a growing body of literature examining techniques for training
inhibitory control as a way to ameliorate inhibitory control deficits seen in disorders such as
ADHD. Importantly, mixed results in this line of research have been suggested to be partly
due to a lack of optimal task difficulty manipulation. Thus, taken together, this study
provides useful baseline behavioural and ERP data for appropriately manipulating task
difficulty in Go/Nogo tasks, and potentially offers a constructive avenue for researchers
attempting to design effective inhibition training paradigms.
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