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Abstract

Various personality theories specify that extraversion is related to a low level of arousal. The aim was
to relate extraversion to the mechanisms in Sanders’ (1983) cognitive-energetical model of choice-reac-
tion time (RT): arousal, activation, and effort. Stimulus degradation and time-uncertainty were manip-
ulated during a long task given to extreme introverts (N = 22) and extraverts (N = 21). In mean RTs,
there was only weak evidence for a stronger slowing during the task in extraverts than in introverts.
However, an analysis of the RT-distribution demonstrated a remarkable slowing across time of RTs
at the high end of the RT-distribution to degraded stimuli in extraverts, suggesting that arousal is lower
in extraverts than in introverts. Extraversion had no such effect on activation. The study of the whole
reaction time distribution is also important because in many real-life monitoring tasks, especially if vis-
ibility is degraded, the risks may not depend so much on mean RT, but rather on the realistic maximum
RT.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Extraversion (E) has been postulated as a biologically-based dimension of personality by Ey-
senck (1967), and is also a dimension in more recent descriptions of personality (Costa & McCrae,
1985). The question whether a higher score on E is associated with worse performance (or more
decrement) in certain tasks or conditions is interesting both from a theoretical and an applied
viewpoint. The theoretical importance derives from Eysenck’s conception that individual differ-
ences in extraversion are based on arousal. From an applied viewpoint, consistent individual dif-
ferences in performance in specific tasks or conditions might provide a tool for selection for
specific jobs.

Research in this area has predominantly focused on vigilance performance. A meta-analysis by
Koelega (1992) mildly supported Eysenck’s predictions, but also found many null-results. Koeleg-
a noted that effects on sustained reaction time (RT) performance have received much less atten-
tion (see also Matthews & Gilliland, 1999). The latter is surprising because there exists a body of
literature relating arousal-mediated variables to choice RT that is adequately explained by a cog-
nitive-energetical model (Sanders, 1983, 1998).

The cognitive-energetical model (Sanders, 1983, 1998) integrates the energetical mechanisms
that have been put forward by Pribram and McGuinness (1975) and the theory of processing
stages (Sternberg, 1969). Importantly, it specifies how energetical mechanisms affect processing
stages and so produce the performance effects of suboptimal states such as after sleep loss or
the intake of psychopharmaca. Basically, it proposes an ‘arousal’ and an ‘activation’ mechanism.
Arousal was conceived by Pribram and McGuinness as a phasic response to input, and activation
as a tonic readiness to respond. These mechanisms give energetical supply to specific processing
stages, and if the supply falls short, the stages take longer to complete. In RT, the result is an in-
crease in the effect of a task variable that affects the same stage, leading to an interaction between
the state and the task variable. A separate ‘effort’ mechanism may compensate for these adverse
effects on performance, but it tends to do so mainly in the beginning of a task. Thus, the model
specifies that if a suboptimal energetic state is present, its adverse effects on performance will ini-
tially be masked by compensatory effort. Furthermore, when adverse effects eventually show up,
one can tell whether they concern arousal or activation by probing specific processing stages
through selected task variables.

The original Eysenck (1967) explanation of extraversion, and also later formulations of it
(Eysenck & Eysenck, 1985) involved a one-dimensional arousal concept, but the cognitive-energetical
model involves multiple mechanisms. This raises the question what to predict regarding the effect
of extraversion in the cognitive-energetical model: which mechanism(s) should be involved? Sand-
ers (1998, p. 441) hypothesized that introverts have a higher level of both arousal and activation,1

but do not differ from extraverts with regard to investing effort. Others have proposed a control
theory of arousal, in which differences in both effort and arousal play a role (Brocke, Tasche, &
Beauducel, 1996, 1997; M.W. Eysenck, 1988). The locus of extraversion-related differences in the

1 Eysenck (1967, 1990) also referred to ‘activation’, but the term referred to autonomic activity in response to
emotion-producing stimuli. This concept was related to the N (neuroticism) dimension, and is not relevant to the
present discussion.
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cognitive-energetical model is best regarded as an empirical issue. The present study was set up to
provide relevant data.

Two task variables were selected whose effects can be linked to arousal and activation, and the
task was given to extreme introverts and extraverts. The task variable whose effect is specifically
sensitive to low arousal is stimulus degradation, interacting strongly with induced lack of sleep
and with sleep medication, but not with amphetamine (Frowein, 1981, Frowein, Gaillard, & Var-
ey, 1981; Sanders, Wijnen, & Arkel van, 1982; Steyvers, 1987; Steyvers & Gaillard, 1993). The
associated processing stage is stimulus encoding.

The task variable whose effect is specifically sensitive to activation is uncertainty regarding the
moment of stimulus onset (‘time-uncertainty’), manipulated through the time between a warning
and an imperative stimulus, the foreperiod. A short, fixed foreperiod enables preparation for the
upcoming stimulus. The resulting decrease in RT is typically interpreted as a speeding of a central
motor stage (motor adjustment; Sanders, 1983, 1998). With a long or variable foreperiod such
preparation cannot be maintained (Gottsdanker, 1975). The effect of time-uncertainty is aug-
mented by sleep loss, and then again reduced by a dose of amphetamine (Frowein, Reitsma, &
Aquarius, 1981). It was concluded that time-uncertainty has an effect on a motor stage receiving
energetical supply from the activation mechanism.

As noted, a suboptimal energetic state of arousal or activation may be masked by compensa-
tory effort in the beginning of a task. If so, an interaction between extraversion and either task
variable will only show up at the end of a long task, when effort is low. To investigate the mod-
erating effect of effort, the factor time-on-task was included in the design, and effects on the dis-
tribution of reaction times were studied. Time-on-task is a variable that interacts with many state
variables (e.g., Wilkinson, 1969). Typically, adverse effects of state variables are small in the begin-
ning of a task, to increase after that, and reach an asymptotic level after about 10 min (Mack-
worth, 1964). Sanders (1983, 1998) argued against an explanation of time-on-task effects in
terms of arousal. One reason is that after the decrement, performance usually remains at the low-
ered level for a long period, and does not further decrease. Second, time-on-task effects are similar
for arousal decreasing and increasing variables: also the effect of noise is larger during the later
part of a work spell, which is unexpected if it were added to a decreasing arousal level. Finally,
the decrement is often absent in everyday settings, when subjects may find no reason to invest ex-
tra effort in the beginning of the work period, because they are not continuously monitored. Alto-
gether, whereas the state of arousal may be too high or too low during the entire task, effort tends
to compensate for this deficient state in the beginning, resulting in a time-on-task effect. Steyvers
and Gaillard (1993) showed that a short interruption near the end of their task had the effect of
restoring performance to a level close to the start level. They showed that this improvement was
due to a regain of effort rather than arousal or activation. We inserted a similar interruption near
the end of the task.

A little explored variable is relative speed of RT, which involves a comparison of experimental
effects at relatively fast trials to effects at the upper end of the distribution. Both sleep loss effects
(Sanders et al., 1982) and their increase over time (Lisper & Kjellberg, 1972; Smulders, Kenemans,
Jonkman, & Kok, 1997) are much larger at the upper end of the RT-distribution. Furthermore,
Sanders and Hoogenboom (1970) found time-on-task effects only in the slowest RT deciles. It ap-
pears that energetical variables in general have strongly variable effects across individual trials,
and are thus small or absent at the lower end of the RT-distribution and more pronounced at
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the upper end (Sanders, 1983). A plausible cause for this increased variability is variation in effort-
ful compensation of suboptimal states.

In overview, effect sizes of stimulus degradation and time-uncertainty can presumably be used
as indicators of low arousal and low activation, respectively. If extraversion has an effect on one of
these mechanisms, this should ultimately show in an interaction between extraversion and the cor-
responding factor. Given the dynamics of effortful compensation, that will be near the end of the
task, and for responses that are relatively slow.

2. Method

2.1. Participants

University students were selected based on their extreme E score on the EPQ-RA (Sanderman,
Arrindell, Ranchor, Eysenck, & Eysenck, 1995), administered in majority during two screenings
(total N = 370). The average E score was 7.7 (SD = 2.75, range 0–12), and scores were distributed
in such a manner that the maximal score for extreme introverts (N = 25) was set to 5, and the min-
imal score for extreme extraverts (N = 30) was set to 11 to get two sizeable groups that were will-
ing to participate and could be reached again. One participant had a EPQ-RSS lie score larger
than 8, and 11 failed to recognize the degraded stimuli (>20% errors) even after extended practice
(see procedure). These were excluded.2 For the remaining introverts (N = 22, mean age 19.2 yr, 13
female), the average E score was 3.6 (SD = 1.4, range 0–5); for the extraverts (N = 21, 20.3 yr, 14
female), the average E score was 11.7 (SD = 0.5, range 11–12). The age difference was not signif-
icant (t(41) = 1.4, p = .18). All participants had (corrected-to) normal vision, signed an informed
consent form, and received course credits. Permission was obtained from the local ethics
committee.

2.2. Task and stimuli

Each trial started with four dots demarcating the area where the imperative stimulus would ap-
pear, and, at fixation, a cue indicating the foreperiod for 250 ms. The cue was either the digit ‘1’,
indicating that the imperative stimulus would appear one second later (fixed), or a question mark,
indicating that the foreperiod was variable between 500 and 11,500 ms, following to a ‘non-aging’
distribution to minimize the possibility to prepare for the imperative stimulus (Gottsdanker, Per-
kins, & Aftab, 1986). A soft, but clearly audible tone (665 Hz, 55 dBa) was added to direct par-
ticipants’ attention to the cue. Imperative stimuli, presented for 750 ms, were arrow-shaped dot
patterns (‘<’ or ‘>’, 4.2 * 7.5 cm), surrounded by a frame (9 * 13 dots, 9 * 12.5 cm). Participants
were instructed to quickly but accurately press their left (right) index finger resting on a left (right)
button when the arrow pointed to the left (right). Half the arrows were degraded by moving 20
dots from the frame to random positions surrounding the arrow. To prevent easy recognition

2 More extraverts (nine) than introverts (three) were excluded, suggesting that recognition of degraded stimuli was
especially difficult to extraverts. Although we do not regard this as strong evidence, it is consistent with the overall
interpretation of the data (see results): a specific (arousal-related) weakness in stimulus encoding in extraverts.
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of specific patterns, there were 20 degraded versions. After 1750 ms the response was evaluated. If
it was correct, a 250 ms intertrial interval started immediately, else, the Dutch word for ‘error’
appeared for 500 ms, first. In all, there were eight trial types (2: intact/degraded stimulus ·2:
fixed/variable foreperiod ·2: left/right arrow), repeated in randomized order 46 times during a
long period preceding a short interruption, and nine times after that.

2.3. Procedure

Participants sat in a dimly-lit sound-shielded cubicle at 1 m from a monitor. They started
with 10 short practice blocks, each ending in feedback of mean RT and amount of errors. Dur-
ing these blocks, each trial was followed by feedback of RT, facilitating performance optimiza-
tion. The practice blocks could be restarted if participants had difficulty recognizing the
degraded stimuli. To promote performance decrements, all RT feedback was removed during
the experimental blocks (Steyvers, 1987), and participants handed in their watch to deprive
them of time-markers. The long block lasted 27 min. Then the task paused, and the experi-
menter entered the cubicle to ask the participant if all was still well, and announce the final
short task period (5 min).

3. Results

Separate analyses were performed for performance decrement during the long block and the
effect of the task interruption. After that, effects at different parts of the RT-distribution will be
reported. RTs of incorrect responses were discarded.

3.1. Long block

3.1.1. Mean RT
Average reaction times during the long block were submitted to ANOVA with the factors

hand (left, right), stimulus-quality (sq: intact, degraded), foreperiod (fp: fixed, variable),
time-on-task (tot), and extraversion-group (E). Time-on-task effects were tested using a planned
linear trend across three periods of 9 min (totl).3 The (small) effects of the factor hand on RT
and accuracy were uninteresting and are not reported. Fig. 1a displays the average RTs. Re-
sponses were slower to degraded (474 ms) than to intact (403 ms) stimuli, F(1, 41) = 290.9,
p < .001, g2

p ¼ :88, and also slower with variable (468 ms) than with fixed (409 ms) foreperiod,
F(1, 41) = 202.8, p < .001, g2

p ¼ :83. The effect of stimulus degradation was larger in variable
than in fixed foreperiod trials (sq * fp: F(1, 41) = 42.7, p < .001, g2

p ¼ :51), an effect that in-
creased during the task (sq * fp * totl: F(1, 41) = 4.8, p < .05, g2

p ¼ :10). Also, the effect of fore-
period increased during the task (fp * totl: F(1, 41) = 15.2, p < .001, g2

p ¼ :27). There was no

3 A planned linear contrast was appropriate, because it was expected that a waning of compensatory effort leads to a
simple increase in RT across time (strictly: a non-decreasing function). Koelega (1992, pp. 253–254) noted the greater
power of this linear trend analysis in investigating extraversion · time effects in comparison to ANOVA with correction
for violations of the sphericity assumption.
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main effect of extraversion, F < 1, but Fig. 1b depicts a pattern in the RTs that is suggestive of
a greater increase in RT across time in extraverts than in introverts (and a drop back after the
task interruption, see below). This pattern resulted in an almost significant interaction between
extraversion and time-on-task, E * totl: F(1, 41) = 3.8, p = .057, g2

p ¼ :085. The distributional
analysis will shed more light on this effect.
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Fig. 1. (a) Mean reaction time in introverts and extraverts as a function of stimulus degradation (intact, degraded),
foreperiod (fixed, variable), and time-on-task (tot1, tot2, tot3: consecutive 9-min periods in block 1, followed by a short
interruption, and then block2, bl2). (b) Mean reaction time in the same groups as a function of time-on-task. Data were
collapsed across the levels of the other factors.
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3.1.2. Accuracy
Log-transformed percentage-correct data (Dickman & Meyer, 1988) were submitted to the

same analysis as the RTs. Responses were more accurate to intact (97.8%) than to degraded
(91.8%) stimuli, F(1, 41) = 56.3, p < .001, g2

p ¼ :58. There was an interaction between stimulus-
quality and foreperiod, F(1, 41) = 7.9, p < .01, g2

p ¼ :16. Fig. 2 suggests that for intact stimuli,
reactions were less accurate with a fixed than with a variable foreperiod, whereas for degraded
stimuli the pattern was opposite. Extraversion had no significant effects on accuracy (main effect:
F(1, 41) = 1.5, p = .23, g2

p ¼ :04). The same analyses on raw percent-correct yielded essentially
identical results.

3.2. Task interruption

3.2.1. Mean RT and accuracy
Fig. 1 depicts also the effects of the task interruption. These effects were analyzed by replacing

the factor time-on-task in the first ANOVA with a factor ‘block’ with two levels: the last period of
block1 (tot3) and block2. The only significant effect of the interruption was that responses in trials
with a variable foreperiod speeded up more than with a fixed foreperiod (fp * block: F(1,
41) = 8.9, p < .01, g2

p ¼ :18). The same ANOVA, run on log-transformed percentage-correct
yielded no significant effects.

3.3. Distributional analyses

RT distributions were characterized by computing for each participant, time period and condi-
tion, five 20% quantiles (q1–q5, fast-to-slow, Ratcliff, 1979). This method can still be used when
the number of RTs per cell is relatively small (10–20). Effects at different parts of the distribution
were studied by adding the factor ‘quantile’ (q) to the overall ANOVA. In view of our hypotheses,
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Fig. 2. Mean accuracy in introverts and extraverts as a function of stimulus degradation (int: intact; deg: degraded) and
foreperiod (fixed, variable).
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the effects of the factor quantile were most simply and adequately described by a planned linear
contrast (ql).4

3.3.1. Long block
All the task effects found on mean RT were significant here too, but relevant are interactions

with the factor quantile. Both stimulus-quality and foreperiod effects were larger at the high
end of the RT-distribution than at the low end, F(1, 41) = 143.4, g2

p ¼ :78, and 57.1, g2
p ¼ :58,

respectively, both p < .001. Also their positive interaction was stronger at the high end, F(1,
41) = 32.7, p < .001, g2

p ¼ :44. As noted, especially the combination of time-on-task and quantile
effects indicates energetical effects. An increase in RT across time was stronger for slower re-
sponses (totl * ql: F(1, 41) = 4.3, p < .05, g2

p ¼ :094). Suggesting a decreasing activation level,
the latter was more pronounced with a variable than with a fixed foreperiod (fp * totl * ql: F(1,
41) = 5.6, p < .05, g2

p ¼ :12), but this effect did not depend on E (E * fp * totl * ql: F(1,
41) = 1.1, p = .30, g2

p ¼ :026). In contrast, extraversion had specific effects on RTs at the high
end of the distribution that depended on stimulus degradation and time-on-task, E * totl * sq * ql:
F(1, 41) = 5.3, p < .05, g2

p ¼ :11. Fig. 3 shows that in the faster quantiles (q1–q3), RT hardly in-
creased during the task in any group or condition. In q4 and q5, however, there were marked in-
creases, especially for extraverts’ responses to degraded stimuli. Separate analyses per quantile
indeed revealed a significant E * sq * totl interaction in q5, F(1, 41) = 5.1, p < .05, g2

p ¼ :11 (q1–
q3: F(1, 41) < 1; q4: F(1, 41) = 1.8, p = .19, g2

p ¼ :042). Within q5, for degraded, but not for intact
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Fig. 3. The effects of extraversion (I = introvert, E = extravert) on reaction time as a function of time-on-task (tot1,
tot2, tot3: consecutive 9-min periods in block 1, followed by a short interruption, and then block 2, bl2), reaction time-
quantile (20%-bins q1–q5) and stimulus degradation (int.: intact; deg.: degraded).

4 The considerations in selecting a planned linear contrast are similar to those described in footnote 3, replacing the
factor ‘time-on-task’ by ‘quantile’.
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stimuli, there was a significant interaction between extraversion and time-on-task, F(1, 41) = 6.8,
p < .05, g2

p ¼ :14; and F(1, 41) < 1, respectively.

3.3.2. Task interruption effects
The factor quantile was added to the ANOVA used for the analysis of interruption effects on

mean RT. Fig. 3 shows that, in higher quantiles, there was a greater reduction in RT after the
interruption than in lower quantiles (ql * block: F(1, 41) = 6.8, p < .05, g2

p ¼ :14). No other effects
reached significance.

4. Discussion

We aimed to identify differences between extreme introverts and extraverts in the energetical
mechanisms postulated in the cognitive-energetical model of Sanders (1983, 1998). It was hypoth-
esized that an effect on arousal or activation would only become apparent when compensatory
effort had declined, i.e. at the end of the task, at the high end of the RT-distribution. Indeed,
in mean RTs, there was only weak evidence for more increment during the task in extraverts than
in introverts, but an analysis of the RT-distribution demonstrated a strong slowing of RTs near
the end of the long block at the high end of the distribution to degraded (as compared to intact)
stimuli in extraverts. Specifically, in the highest RT-quantile, for degraded stimuli, RT decreased
during the task from 627 to 613 ms in introverts, but increased from 600 to 648 ms in extraverts.
This pattern is revealing: it appears that only when compensatory effort is low (near the end of the
long block, at the high end of the RT-distribution), extraverts’ performance is especially low on
degraded stimuli. This increase in the effect of stimulus degradation implies a deficient arousal
supply to the stimulus encoding stage. Hence, the results embody positive evidence that the arou-
sal mechanism falls short of energetical supply in extraverts. Foreperiod effects also increased dur-
ing the task, especially for slow responses, but this did not depend on extraversion. This suggests
that activation was indeed affected during the task, but apparently to the same extent in introverts
and extraverts.

It should be noted that the present measures of energetical mechanisms are indirect because
they depend on affected processing stages. Using a more direct approach, Brocke et al. (1996,
1997) used electroencephalographic (EEG) indicators of energetical mechanisms, finding support
for a control theory of arousal that specifies that extraversion concerns both effort and arousal.
Using similar measures, Beauducel, Brocke, and Leue (2006) found support for the role of effort.
A combination of these approaches would entail measuring EEG in the present task, and might
lead to convergence, supporting the validity of both approaches.

It was predicted that a decline in performance during the long task would be followed by a res-
toration after the interruption. Fig. 3 suggests that indeed after the interruption, the group differ-
ence for degraded stimuli/slow responses was diminished, but this effect did not attain the level of
significance. One reason may be that the period after the interruption was short, so that only few
RTs were available, decreasing the power to detect restoration.

Foreperiod predictability had some interesting effects on performance. First, when foreperi-
ods were unpredictable, effects of degradation were enlarged. This interaction contrasts with
earlier findings of additivity (e.g. Frowein & Sanders, 1978), and suggests that preparation
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for a stimulus may not be limited to motor processes (Sanders, 1980), but also concerns stim-
ulus encoding.5 The nature of preparation effects on RT has long been debated (Posner, 1978).
Indeed, more recently, psychophysiological data demonstrated effects of preparation on pro-
cesses that preceded motor stages (Müller-Gethmann, Ulrich, & Rinkenauer, 2003). One differ-
ence between our manipulation of time-uncertainty and the one used in studies finding additive
effects with stimulus degradation, is that we mixed levels of time-uncertainty within a block of
trials, rather than between blocks (Frowein & Sanders, 1978), or even between subjects (Stoffels,
van der Molen, & Keuss, 1985). This mixing precludes confounding by non-specific differences
between blocks or subject groups, and may have increased sensitivity to perceptual effects. Sec-
ondly, for intact (as compared to degraded) stimuli, there were more errors with fixed than with
variable foreperiods. Likely, preparation resulted in a gain in speed at the cost of errors (Pos-
ner, 1978). Interestingly, this effect was smaller for degraded stimuli (Fig. 2 suggests: absent or
even the opposite). A difference in preparation for intact and degraded stimuli is impossible,
since they were randomly mixed. Likely, there is a decrease in the efficiency of stimulus encod-
ing with unpredictable foreperiods that leads to both the increase in degradation effect on RT,
and to increased errors in its output.

In conclusion, effects of extraversion on the decrement of performance during a long task ap-
pear not to be limited to d’ and hits in vigilance tasks, but can also be found on choice RT. Still,
the differences were strong only in circumstances that maximize sensitivity to low arousal. It is
revealing that a task of almost half an hour is needed to find an effect, especially for degraded
stimuli, but only on the speed of the 20% slowest responses. The specific interaction with degra-
dation suggests that arousal but not activation is affected. Studying the reaction time distribution
is also important from an applied viewpoint. In many real-life monitoring tasks, especially if vis-
ibility is degraded, the risks may not depend so much on mean RT but rather on the realistic max-
imum RT.
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