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background
Learned irrelevance (LIRR) represents one of the mecha-
nisms of attentional set-shifting and refers to the inability 
to attend to, or to learn about, any aspect of a  stimulus 
previously experienced as irrelevant. Although it has been 
extensively studied in the context of clinical populations, 
not much is known about LIRR effects in relation to nor-
mal variation in individual differences. The present study 
was designed to assess how temperamental factors may 
modulate LIRR. 

participants and procedures
Sixty-eight healthy volunteers performed a visual discrim-
ination learning task modelled after Wisconsin Card Sort-
ing Test. To test the susceptibility to learned irrelevance, 
participants were expected to shift their attention either to 
a  dimension that prior to the extra-dimensional shift was 
completely irrelevant, or to a  dimension that was previ-
ously partly correlated with reinforcement. Temperamental 
traits were assessed using the Formal Characteristics of Be-
haviour-Temperament Inventory (Zawadzki & Strelau, 1997). 

Intelligence level was stratified according to Raven’s Ad-
vanced Progressive Matrices (Raven, Raven, & Court, 2003).

results
Low level of Briskness and high level of Perseverance were 
related to enhanced susceptibility to LIRR. High levels 
of Activity and Emotional Reactivity were related to the 
poorer performance on the extra-dimensional set-shifting. 
No effects of other temperament characteristics or intelli-
gence on LIRR were observed.

conclusions
The results confirm a strong variation in LIRR related to 
individual differences in temperament, which appears to 
be unrelated to DA function. Our results highlight the im-
portance of considering individual differences in studies 
on cognitive control.
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background

Learned irrelevance (LIRR) constitutes one of the 
mechanisms thought to be responsible for attention-
al set-shifting deficits, and refers to the inability to 
attend to, or to learn about, any aspect of stimulus, 
which has been previously experienced as irrelevant 
to a task at hand (Mackintosh, 1975). Evidence sug-
gests that a wide variety of neurological and psychi-
atric conditions are related to altered susceptibility to 
LIRR. These include frontal lobe lesions (Owen, Rob-
erts, Polkey, Sahakian, & Robbins, 1991; Owen et al., 
1993), idiopathic Parkinson’s (PD) disease (Downes 
et al., 1989; Owen et al., 1993; Slabosz et al., 2006) and 
schizophrenia (Gray &  Snowden, 2005; Orosz, Fel-
don, Gal, Simon, &  Cattapan-Ludewig, 2008; Orosz 
et al., 2011). However, a paucity of data on normal 
variation in LIRR renders its interpretation amongst 
clinical studies, as well as generalization of the re-
sults, rather limited. Therefore, the present study was 
designed to assess the relationship between tempera-
ment and susceptibility to LIRR.

In the context of neuropsychological investigation 
LIRR is usually assessed using the intra- and extra-di-
mensional shifting (IDS and EDS, respectively) para-
digm (Downes et al., 1989; Owen et al., 1992; Roberts, 
Robbins, &  Everitt, 1988) developed in the animal 
learning literature (Mackintosh, 1975). In discrimi-
nation learning tasks, an IDS occurs when a  when 
a shift is required between two different values of the 
same dimension (e.g., from blue to red). Thus, an IDS 
represents lower-order flexibility. In contrast, an EDS 
represents higher-order flexibility, occurring when 
an attentional shift is required between two different 
perceptual dimensions, such as colour and shape (e.g. 
from “blue” to “squares” from the dimension “shape”). 
Impairments in neuropsychological or neurological 
populations are observed mainly when an EDS shift 
is required rather than IDS (Downes et al., 1989; Ro-
berts et al., 1988). LIRR can be measured if, at the EDS 
stage of the task, the subject is required to shift his or 
her ‘response set’ to the stimulus dimension which 
was irrelevant to reinforcement prior to this stage 
of the test (Owen et al., 1993). This situation can be 
contrasted with the perseveration condition – in this 
case, the subject is required to disengage attention 
and shift it away from a dimension relevant prior to 
the EDS (Owen et al., 1993). The distinction between 
perseveration and LIRR plays an important role in 
the context of neuropsychology, since separate cog-
nitive, neurochemical and possibly neuroanatomical 
mechanisms of LIRR and perseveration have been 
suggested (Gruszka, Hampshire & Owen, 2010; Maes, 
Damen, & Eling, 2004; Owen et al., 1993).

Some evidence has started to emerge that in nor-
mal population performance, an attentional set-shift-
ing may actually be affected more by LIRR than per-

severation (Maes et al., 2004; Maes, Vich, &  Eling, 
2006). It has also been suggested that the relationship 
between cognitive flexibility and personality is de-
pendent on dopamine (DA) function. According to 
Dreisbach and colleagues (Dreisbach, 2006; Dreisbach 
& Goschke, 2004; Müller et al., 2007) individual differ-
ences in cognitive flexibility result from an interplay 
between stable maintenance of an attentional set (as 
reflected by perseveration) and a flexible switching 
(as reflected by LIRR), which impose antagonistic 
constraints on the cognitive control system. Accord-
ingly, studies by Dreisbach (2006) and Müller (Müller 
et al., 2007) have shown that individuals character-
ised by higher DAergic activity exhibit greater cog-
nitive-flexibility on the attentional set-shifting task, 
i.e., decreased perseveration and increased LIRR. Us-
ing the same paradigm Tharp and Pickering (2011) 
extended these finding by revealing that trait psy-
choticism (a major personality dimension consistent-
ly related to DA function; Lester, 1989) is associated 
(although not strongly) to a reverse pattern of effects. 
Relative to the low psychoticism, high psychoticism 
was correlated with greater switch costs in the perse-
veration condition and lower costs in the LIRR con-
dition. Such studies are important because they can 
provide insights into the patterns of multiple brain 
systems underpinning traits.

The aim of the present study was to explore further 
the putative relationship between LIRR and temper-
ament characteristics, as described in the Regulative 
Theory of Temperament (RTT) proposed by Strelau 
(1983, 1996). On the basis of their construct validity, 
at least several temperament dimensions postulated 
by the RTT are directly related to behavioural flexibil-
ity, making the theory highly relevant in the context 
of studies of individual differences in LIRR suscepti-
bility. According to the RTT, temperament is a ma-
jor structure that regulates the relationship between 
a  person and his/her surroundings. By modulating 
the formal characteristics of behaviour, it helps to 
adjust the stimulative value of the environment and 
a person’s own actions to the level consistent with 
their individual need for stimulation. The structure 
of temperament is constituted by two factors that 
regulate the temporal aspect of behaviour: briskness 
(BR) and perseveration (PE). Four additional factors, 
namely, sensory sensitivity (SS), emotional reactivity 
(ER), endurance (EN) and activity (AC), modulate the 
energetic aspect of behaviour. 

In theory, by definition, at least two of the di-
mensions can be expected to be directly related to 
attentional set-shifting ability, i.e. BR and PE. BR is 
defined as ‘a  tendency to react quickly, to keep up 
a  high tempo of performing activities, and to shift 
easily in response to changes in the surroundings 
from one behaviour (reaction) to another’ (Strelau 
& Zawadzki, 1995, p. 2). BR has three major compo-
nents: mobility, speed and tempo. As Strelau and Za-
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wadzki (1993) explain, mobility is closely related to 
the construct of mobility proposed by Pavlov (as cit-
ed in Strelau & Zawadzki, 1993), and the concept of 
adaptability proposed by Thomas and Chess (1977). 
The common denominator for mobility and adapt-
ability is the ease with which behaviour is modified 
in response to changes in the environment. PE refers 
to ‘a  tendency to continue and to repeat behaviour 
after cessation of stimuli (situations) evoking this be-
haviour’ (Strelau & Zawadzki, 1995, p. 2). It has two 
major components: the tendency to repeat behaviour 
(recurrence) or to maintain it (persistence) after the 
extinction of the stimulus evoking it. These defini-
tions suggest that both BR and PE (which, in fact, 
are moderately negatively correlated; Strelau & Za-
wadzki, 1993) are linked to cognitive flexibility, and 
possibly to susceptibility to LIRR. These conclusions 
are party supported by a study by Ledzińska, Zajen-
kowski and Stolarski (2013) revealing that high BR 
and low PE are associated with smaller switch costs. 
However, this study utilised a paradigm (a dual test 
of divided and selective attention), which did not al-
low them to examine the relationship between BR or 
PE and susceptibility to LIRR. 

Furthermore, as postulated by the RTT, ER de-
notes ‘a  tendency to react intensively to emo-
tion-generating stimuli, expressed in high emotional 
sensitivity and in low emotional endurance’ (Strelau 
& Zawadzki, 1995, p. 2). As such, it has been shown 
to be related to symptoms of anxiety disorders (Stre-
lau & Zawadzki, 2011). Clinical neuropsychological 
studies imply that depression and anxiety disorders 
are associated with impairments in cognitive flexi-
bility, i.e. impaired attentional set-shifting (Austin, 
Mitchell, & Goodwin, 2001; Purcell, Maruff, Kyrios, 
& Pantelis, 1997) and, in particular, EDS performance 
(Potter, McQuoid, Payne, Taylor, &  Steffens, 2012). 
Overall, the patterns observed for clinical popula-
tions are suggestive of the relationship between ER 
and higher-order flexibility.

In this study the relationship between attention-
al set-shifting and the abovementioned temperament 
factors was investigated by employing a  visual dis-
crimination learning task developed previously (Lewis, 
Slabosz, Robbins, Barker, & Owen, 2005; Owen & Sla-
bosz, 2004; Slabosz et al., 2006). Our previous study 
provided evidence that the task can be used to assess 
higher-order flexibility and LIRR effect in healthy 
volunteers (Owen & Slabosz, 2004). The task has also 
been shown to be sensitive to set-shifting impair-
ments in patients with PD (Lewis et al., 2005; Slabosz 
et al., 2006). In the task the volunteers were required 
to learn a series of visual discriminations on the basis 
of feedback. At the EDS stage of the task, the partic-
ipants were required to shift their attentional set to 
a dimension that had either been fully irrelevant, i.e. 
uncorrelated with reinforcement (‘full irrelevance’ 
condition) or partially reinforced, i.e. correlated with 

the reinforcement above the level of chance (‘partial 
irrelevance’ condition). This paradigm allows us to 
assess two aspects of attentional control: higher- 
order flexibility (as measured by the IDS/EDS manip-
ulation) and susceptibility to LIRR (as measured by 
the ‘full irrelevance/partial irrelevance’ manipulation; 
see: Procedure). Although LIRR represents one of  
the mechanisms that might underlie difficulties in 
higher-order shifting, EDS deficits may also arise 
from several other types of endogenous control er-
rors unrelated to stimulus pre-exposure effects i.e. 
failures in forming hypotheses concerning the new 
rule, inability to suppress the no-longer relevant task 
set and replace it by an appropriate new one, or defi-
cient monitoring of performance (Ridderinkhof, Span, 
& van der Molen, 2002). 

On the basis of their behavioural characteristics 
as described above, it was expected that BR, PE and 
ER would modulate higher-level attentional flexibil-
ity, while BR and PE would also modulate suscepti-
bility to LIRR. Accordingly, a high level of BR, low 
levels of PE and ER, respectively, were expected to 
be related to enhanced performance at the EDS stage 
of the task. Moreover, the high level of BR and the 
low level of PE were expected to be related to de-
creased sensitivity to LIRR. The results related to 
the two remaining RTT dimensions: AC and SS, as 
well as intelligence, were also analysed and report-
ed for the sake of completeness, and to strengthen 
the possible conclusions relating LIRR specifically 
to some, but not other, aspects of temperament. AC 
denotes a tendency to either undertake behaviour of 
high stimulative value or to supply strong stimula-
tion from the environment by means of behaviour 
(Strelau & Zawadzki, 1993). SS refers to an “ability to 
respond to stimuli of low stimulative value” (Strelau 
& Zawadzki, 1993, p. 327). 

participants and procedure

participants

Sixty-eight healthy college students participating 
in this experiment were recruited from the Institute 
of Psychology of Jagiellonian University in Krakow 
(mean age M = 20.100, SD = 1.450; 14 male, at least  
12 years of formal education). Permission for the study 
was obtained from the local research ethics committee 
and all subjects granted consent for their participation. 

procedure

The Formal Characteristics of Behaviour- Tem-
pe rament Inventory (FCB-TI) (Strelau & Zawadz-
ki, 1993; Zawadzki & Strelau, 1997) was used to strat-
ify a sample according to a level of SS, EN, ER, AC, 
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BR and PE. The FCB-TI has satisfactory psychome-
tric characteristics and its scales are replicable across 
samples (Strelau & Zawadzki, 1995).

Raven’s Advanced Progressive Matrices (RAPM) 
(Raven et al., 2003) was also administered in order to 
control for the relationship between intelligence 
and attentional performance (e.g., Hunt & Lansman, 
1982; Nęcka, 2000). 

Learned Irrelevance task. The visual discrimi-
nation test used in this study was modelled on the 
perseveration and learned irrelevance test proposed 
by Owen (Owen et al., 1993) as a refined version of the 
CANTAB ID/ED set-shifting task (Owen et al., 1992). 

In the current task the volunteers were required 
to learn a series of visual discriminations on the basis  
of feedback provided automatically by the computer 

after each trial (see Figure 1). The test consisted of 
eight stages. It began with a  simple discrimination 
and reversal for stimuli varying in only one dimen-
sion (i.e. colour). Two additional dimensions were 
then introduced (the shape and number of items), and 
compound discrimination and reversal were tested. 
At the IDS stage and reversal, new exemplars from 
each of the three dimensions were presented, requir-
ing the subjects to transfer the previously learnt rule 
to a  novel set of exemplars of the same dimension 
(i.e. colour). Finally, at the EDS and reversal, novel 
exemplars from each of the three dimensions were 
introduced again, and the subjects had to shift ‚re-
sponse set’ to one of the alternative stimulus dimen-
sions which had been previously irrelevant (either 
the shape or the number of elements). 

Colour relevant (red) 
Shape partly relevant (+75% circle) 
Number fully irrelevant

Colour relevant (green) 
Shape partly relevant (+75% star) 
Number fully irrelevant

IDS 
Shift from red to green required

Shift from red to triangle required
’Partial relevance’ condition

Shift from red to one item required
’Full irrelevance’ condition

EDS

Colour irrelevant
Shape relevant (triangle)  

Number irrelevant

Colour irrelevant
Shape irrelevant  

Number relevant (one)

Figure 1. Learned irrelevance: Summary of the procedure for the intra-dimensional shift (IDS) and extra- 
dimensional shift (EDS) stages of the learned irrelevance task. Stimuli shown are for example only  
(adopted from Slabosz et al., 2006).
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To assess the susceptibility to LIRR, at the EDS 
stage of the task the participants were required to 
shift attentional set from colour to another stimulus 
dimension (shape or number) which has been pre-
viously (prior to the EDS) either fully irrelevant or 
partially reinforced. In the case of the fully irrelevant 
dimension, any given value of this dimension (e.g. 
square or circle) randomly co-occurred with the rein-
forced value of the currently relevant dimension (i.e. 
blue or red). In other words, the fully irrelevant di-
mension was reinforced randomly, and in this sense 
was equivalent to the irrelevant dimension of the 
original task proposed by Owen (Owen et al., 1993). 
By contrast, in case of the partially relevant dimen-
sion, one value of this dimension co-occurred with 
the reinforced value of the currently relevant dimen-
sion in 75% of trials preceding the EDS. As a result, 
the partially relevant dimension predicted the rein-
forcement at a  level that was greater than chance. 
The ‘full/partial irrelevance’ procedure allowed us 
to prevent a  contaminating effect of novelty of the 
EDS target dimension on LIRR (Daffner et al., 2000; 
Maes et al., 2006). The results of our previous studies 
have confirmed that LIRR is dependent on the level 
of irrelevance of a given dimension prior to an EDS 
(Lewis et al., 2005; Owen & Slabosz, 2004; Slabosz et 
al., 2006).

During each trial, the volunteers responded by 
pressing one of two response keys corresponding to 
whether the chosen stimulus was on the left or right 
side of the screen. Feedback was provided after each 
trial. The criterion for passing from the previous to 
the next stage was that of 12 consecutive correct re-
sponses, and failure to achieve this criterion within 
100 trials resulted in the premature discontinuation 
of the test. Every volunteer was randomly assigned 

to one of the test conditions: ‘full irrelevance’ or 
‘partial irrelevance’, and was required to shift ‘re-
sponse set’ from colour to either shape or to number. 
The EDS target dimensions (shape or number) were 
counterbalanced across the test conditions. However, 
to make sure that conditions preceding the EDS were 
identical across task conditions and did not differen-
tially affect ED shifting, only colour was used as the 
dimension relevant prior to the EDS.

results 

Errors to criterion were analysed at the IDS and the 
EDS stages of the test. Early stages were not anal-
ysed, since in these preliminary (preshift) trials, all 
of the conditions were formally identical. To assess 
the relationship between shift (IDS, EDS; within-sub-
ject factor), the test condition (‘full irrelevance’, ‘par-
tial relevance’; between-subject factor) and the EDS 
target dimension (shape, number; between-subject 
factor) a  repeated measures three-way analysis of 
variance procedure was employed. Although the pri-
mary hypothesis concerned the two-way interaction 
between the shift and the test condition factors, the 
effects of the EDS target dimension was also assessed 
to explore the possibility that the salience of that di-
mension might affect EDS performance. 

In order to assess the influence of individual dif-
ferences on the LIRR performance, median splits 
were completed on the sample, on the basis of tem-
perament scores for SS, EN, ER, AC, BR and PE, as 
well as intelligence. Table 1 provides the results of 
descriptive statistics for the FCB-TI scales and the 
RAMP scores obtained in the current study.

In an attempt to replicate our previous findings, 
the three-way analysis of variance of shift (IDS vs. 
EDS), the test condition (‘full irrelevance’ vs. ‘partial 
irrelevance’) and EDS target dimension factors was 
performed. It revealed a highly significant main ef-
fect of shift (F(1, 64) = 39.778, p < .0001, η = .383), 
with more errors being committed at the EDS com-
pared to the IDS stage. It also revealed a significant 
main effect of the test condition (F(1, 64) = 11.501,  
p = .001, η = .152), with more errors being committed 
under the ‘full irrelevance’ condition, as compared to 
the ‘partial relevance’ condition. The main effect of the 
target dimension was also significant (F(1, 64) = 4.184,  
p = .031, η = .069) revealing that shifting to shape 
was easier than shifting to the number of elements. 
Furthermore, the interaction between shift and the 
test condition was also significant (F(1, 64) = 10.225,  
p = .002, η = .138), reflecting the fact that EDS was more 
difficult under the fully irrelevant condition compared 
to the partially irrelevant condition (see Figure 2).  
Finally, the interaction between shift and EDS target 
dimension was significant as well (F(1, 64) = 6.154, 
p = .016, η = .087), mirroring the fact that shifting 

Table 1

The mean scores, standard deviations and standard 
errors in the FCB-TI scales and the RAMP as obtained 
in the current study

  Mean Standard 
deviation

Standard 
error

BR 6.206 3.919 0.475

PE 8.761 2.444 0.299

SS 2.910 2.308 0.282

ER 8.515 4.517 0.548

EN 11.941 4.756 0.577

AC 8.403 4.540 0.555

IQ 24.854 5.596 0.808
Note. BR – briskness (FCB-TI), PE – perseveration (FCB-TI),  
SS – sensory sensitivity (FCB-TI), ER – emotional reactivity 
(FCB-TI), EN – endurance (FCB-TI), AC – activity (FCB-TI),  
IQ – inelligence (RAMP).
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to number was more difficult than shifting to shape. 
However, the three-way interaction of shift, the test 
condition and EDS target dimension was not signif-
icant (F(1, 64) = 0.4261), suggesting that although 
shape was a  more salient dimension than number, 
there was no difference in the overall pattern of EDS 
shifting to shape compared to EDS shifting to number. 

To analyse the effects of BR on the task perfor-
mance, a three-way ANOVA of BR (low, high), shift 
(IDS, EDS) and the test condition (‘full irrelevance’, 
‘partial irrelevance’) was performed. The analysis re-
vealed no significant effect of BR (F(1, 64) = 2.004) and 
no interaction between BR and shift (F(1, 64) = 2.167). 
However, the analysis revealed a  significant 2-way 
interactions between BR and the test condition  
(F(1, 64) = 9.074, p = .004, η = .108) and a significant 
3-way interaction between the BR, shift and the test 
condition (F(1, 64) = 8.438, p = .005, η = .116). These 
results showed an interesting pattern according to 
which the subjects scoring high on the BR scale ap-
pear to be not affected by the ‘full/partial irrelevance’ 
manipulation, but the subjects scoring low on BR 
scale are highly susceptible to LIRR (Figure 3). 

A  three-way ANOVA of PE (low, high), shift 
(IDS, EDS) and the test condition (‘full irrelevance’, 
‘partial irrelevance’) revealed neither a  significant 
effect of PE (F(1, 64) = 1.392) nor an interaction be-
tween PE and shift (F(1, 64) = 1.297). However, it 
revealed a  significant 2-way interaction between 
PE and the test condition (F(1, 64) = 4.316, p = .042,  
η = .064) and a significant 3-way interaction between 
PE, shift and the test condition (F(1, 64) = 4.038, 

p < .05, η = .060). Taken together these results sug-
gest that high PE is related to an elevated suscepti-
bility to LIRR (Figure 4). 

A three-way ANOVA of ER (low, high), shift (IDS, 
EDS) and the test condition (‘full irrelevance’, ‘partial 
irrelevance’) revealed the significant main effect of 
this factor (F(1, 64) = 4.029, p = .049, η = .059). Fur-
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Figure 2. Effect of irrelevance of a dimension on 
set-shifting performance and mean errors to criterion 
in relation to shift (intra-dimensional shift, IDS and 
extra-dimensional shift, EDS) and test condition fac-
tors (‘partial irrelevance’, PI and ‘full irrelevance’, FI). 
Bars represent standard error of the mean. 
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Figure 3. Effect of BR on error rate in the learned 
irrelevance task. The mean number of errors for  
the participants scoring low and high on the BR 
scale are shown for both the intradimensional shift 
(IDS) and extradimensional shift (EDS) in the ‘par-
tial irrelevance’ (PI) and ‘full irrelevance’ (FI) condi-
tions. Bars represent standard error of the mean.
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Figure 4. Effect of PE on error rate in the learned 
irrelevance task. The mean number of errors for  
the participants scoring low and high on the PE 
scale are shown for both the intradimensional shift 
(IDS) and extradimensional shift (EDS) in the ‘par-
tial irrelevance’ (PI) and ‘full irrelevance’ (FI) condi-
tions. Bars represent standard error of the mean.
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thermore, it revealed a  significant 2-way interac-
tion between ER and shift (F(1, 64) = 4.416, p = .039,  
η = .064) suggesting that in comparison to the 
low-scoring participants, the subjects scoring high on 
this temperamental dimension committed more errors 
at the EDS stage of the task. Neither the 2-way inter-
action of ER and the test condition (F(1, 64) = 0.923), 
nor the 3-way interaction of ER, shift and the test 
condition (F(1, 64) = 1.388) appeared significant (Fig-
ure 5). 

A three-way ANOVA of AC (low, high), shift (IDS, 
EDS) and the test condition (‘full irrelevance’, ‘partial 
relevance’) revealed a  significant main effect of AC 
(F(1, 64) = 6.527, p = .013, η = .093). It also revealed 
a significant 2-way interaction between AC and the 
test condition (F(1, 64) = 4.646, p = .035, η = .068), 
a significant 2-way interaction between AC and shift 
(F(1, 64) = 6.164, p = .016, η = .089). At the same time, 
a  3-way interaction between AC, shift and the test 
condition was insignificant (F(1, 64) = 3.318). These 
results suggest that participants scoring high on AC, 
as compared to those scoring low, committed fewer 
EDS errors, and fewer errors under ‘full irrelevance’ 
condition (Figure 6).

Finally, no significant main effects nor interac-
tions were observed for SS, EN and intelligence in 
the respective analyses. Moreover, as expected from 
the analyses of the main task effects, the effects of 
shift, the test condition, and the 2-way interaction 
of shift and the test condition, were confirmed to be 
significant by all the respective differential analyses.

discussion

The results of the current study contribute to the 
literature by providing insights concerning tem-
perament variation in higher-order flexibility and 
LIRR susceptibility. The main finding here is that, 
as expected on the basis of their behavioural char-
acteristics, traits modulating temporal aspects of be-
haviour – BR and PE – are related to susceptibility 
to LIRR. Although it was hypothesised that BR and 
PE would also be linked to higher-order flexibility, 
it seems that in these cases set-shifting capacity is 
primary and strongly modulated by stimulus pre- 
exposure effects (and not other general factors con-
tributing to higher-order flexibility; Ridderinkhof  
et al., 2002). As a  result, in the case of BR and PE, 
LIRR seems to be the only factor accounting for 
EDS-related variance. Furthermore, the analysis re-
vealed that ER and AC are related to higher-order 
flexibility, whilst AC is also related to LIRR. To our 
knowledge, apart from the preliminary data on LIRR 
and psychoticism presented by Tharp and colleagues 
(Tharp &  Pickering, 2011), this is the first study to 
reveal such strong effects of temperament on LIRR.

The striking similarity of the cognitive patterns 
for BR, PE, ER and AC may be partly accounted for 
by the fact that the RTT traits are not orthogonal to 
each other (Strelau & Zawadzki, 1993). Thus, PE and 
ER are strongly positively correlated, whilst low to 
moderate negative correlations link PE to AC and 
BR, respectively. Furthermore, correlational analyses 
between FBT-CI and Pavlovian Temperament Survey 
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Figure 5. Effect of ER on error rate in the learned 
irrelevance task. The mean number of errors for  
the participants scoring low and high on the ER 
scale are shown for the intradimensional shift (IDS) 
and extradimensional shift (EDS). Bars represent 
standard error of the mean.
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Figure 6. Effect of AC on error rate in the learned 
irrelevance task. The mean number of errors for  
the participants scoring low and high on the AC 
scale are shown for the intradimensional shift (IDS) 
and extradimensional shift (EDS). Bars represent 
standard error of the mean.
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factors (PTS; see Strelau, Angleitner, & Bantelmann, 
1990), as well as The Revised Dimensions of Temper-
ament Survey factors (DOTS-R; Windle &  Lerner, 
1986) have revealed that the patterns are very consis-
tent across some of the measures (Strelau & Zawadz-
ki, 1995). All of the traits under discussion are moder-
ately correlated with mobility (as measured by PTS), 
although the correlations for BR and AC are positive, 
whilst those for PE and ER are negative. The four 
traits exhibit also an analogous pattern of correla-
tions with Flexibility-Rigidity factor (F-R; DOTS-R), 
which is similar to mobility (PTS). Thus, BR, PE, ER 
and AC are all related to adaptive skills: whereas BR 
and AC are linked to high adaptive skills, this pattern 
is reversed for PE and ER. 

Furthermore, the idea of antagonistic demands im-
posed on cognitive control by the set-maintaining and 
set-shifting proposed by Dreisbach and colleagues 
(Dreisbach, 2006; Dreisbach & Goschke, 2004; Müller 
et al., 2007) is suggestive of the notion that adaptive 
behaviour may depend not only upon mobility, but 
also upon resistance to distraction. Within psycho-
metric approach these two aspects are represented 
in DOTS-R by two factors: F-R (described above) and 
Low Distractibility (DIS). Individuals scoring high on 
this scale tend to be able to concentrate and main-
tain perceptual focus despite extraneous stimulation 
(Windle & Lerner, 1986). In line with this reasoning, 
BR, PE, ER (but not AC) are mildly correlated with 
DIS (Strelau & Zawadzki, 1995). Thus, positive cor-
relation observed for DIS and BR imply that high BR 
is related to the ability to resist distraction, whereas 
negative correlations for DIS and PE or ER, respec-
tively, suggest otherwise.

In sum, the relationships between mobility and 
ER or AC, respectively, are congruent with the cur-
rent observation that the traits are related to higher- 
order flexibility. Furthermore, the relationship be-
tween DIS and BR or PE, respectively, may further 
explain the observed link between these traits and 
susceptibility to LIRR. It remains an open question as 
to why ER – which seems so similar to PE in terms of 
mobility, F-R and DIS – did not exhibit a relationship 
to LIRR. It is also of interest why AC is not related 
to distractibility, but yet interacts with LIRR. Overall, 
the current results concerning the relationships be-
tween higher-order flexibility, susceptibility to LIRR 
and the RTT traits highlight the importance of indi-
vidual differences in cognitive control. 

The second important implication of the current 
study is that individual differences in LIRR are not 
necessary mediated by the DA function, as postu-
lated by Dreisbach and colleagues (Dreisbach, 2006; 
Dreisbach et al., 2005; Müller et al., 2007). Our pre-
vious studies (Lewis et al., 2005; Slabosz et al., 2006) 
have documented that shifting costs captured by the 
LIRR manipulation of the current task are not me-
diated by DA levels. Slabosz and colleagues (2006) 

have tested patients with PD on and off L-dopa, as 
well as healthy control participants on the LIRR task 
used here, and a working memory task. The patients 
made more errors than control participants in the 
‘full irrelevance’ condition, but not in the ‘partial ir-
relevance’ condition. More importantly, L-dopa had 
no effect on the patients’ EDS performance, despite 
improving their working memory. These results con-
firm that LIRR deficit in PD, unlike other executive 
impairments in this group, is relatively insensitive to 
the central dopaminergic dysfunction present in this 
condition.

At first glance, the conclusion that LIRR variabil-
ity in the normal population in independent on DA 
function is in disagreement with the recent findings. 
As noted before, Dreisbach and colleagues find-
ings (Dreisbach et al., 2005; Müller et al., 2007) have 
demonstrated that greater DAergic activity is linked 
to decreased switch costs on the perseveration con-
dition, and to increased costs on the LIRR condition 
(see also Tharp and Pickering, 2011). However, the 
paradigm used in the series of studies by Dreisbach, 
Müller, Tharp and colleagues differed from ours in 
one important way. In our case LIRR did not pertain 
to specific values of the same dimension, but instead 
to a higher order rule, whilst in the paradigm used by 
Dreisbach and others, LIRR was assessed on the basis 
of continued response to the same stimulus dimen-
sion (i.e., after the switch the former distracter colour 
became the target colour, and the new colour became 
the distracter colour). In paradigms modelled after 
CANTAB IDS/EDS task the latter type of switching 
reflects actually intra-dimensional reversal shifting  
(i.e., switching attention away from a previous target 
to a previous non-target following a change in reward 
contingency). It has been demonstrated that levodopa 
impairs reversal learning in PD (Cools, Barker, Saha-
kian, & Robbins, 2001), suggesting that this process is 
dependent on DA levels (but see also Clarke, Walk-
er, Dalley, Robbins, & Roberts, 2006; Williams-Gray, 
Hampshire, Barker, & Owen, 2008; for opposite con-
clusion). Overall, we believe that the variability of 
the findings reported is likely to reflect differences in 
task demands. LIRR, as operationalised in the current 
paradigm, is not dependent on DA function.

Furthermore, the current research adds to the lit-
erature on temperament as well, by supporting the 
construct validity of the RTT traits. Although the 
functional significance of temperament, especially 
under high demands, is well established (e.g., Strelau 
&  Klonowicz, 2006; Strelau &  Zawadzki, 2005; Za-
wadzki & Popiel, 2012), less is known about its rela-
tionship to more molecular processes (Strelau, 1991). 
The results of the current study help to fill this gap.

Moreover, studies on individual differences in cog-
nitive control, as represented by the current investiga-
tion, are also essential in order to gain a more complete 
understanding of brain systems involved in temper-
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ament/personality traits. Thus, one may expect that 
the current study allows us to draw some conclusions 
regarding the biological basis of the RTT traits under 
investigation. Nevertheless, it would be premature to 
make strong predictions concerning the neurochemi-
cal basis of the RTT traits on the basis of the current 
results. Although their biological bases are strong (as 
indicated by genetic studies, on average 46% of their 
variance can be explained by genetic factors; see Stre-
lau, 1996), these mechanisms have not been specified 
in terms of the neurochemical and neuroanatomical 
systems involved. Within the RTT framework, the for-
mal characteristics of behaviour are seen as originat-
ing from an interaction between all mechanisms, con-
stituting an individual configuration of neurological 
and endocrine mechanisms that regulate behaviour, 
i.e., so-called neurohormonal individuality (Strelau, 
1983). In other words, as yet the RTT traits have not 
been linked to specific biological mechanisms. 

The limitations of the current study concern 
mainly two aspects. First of all, the character of the 
study is exploratory. Based on their content validity, 
the relationship between BR, PE, ER and even per-
haps AC and cognitive flexibility seems predictable. 
The obtained findings are, however, difficult to inter-
pret in terms of underlying mechanisms, because of 
the paucity of published data suitable as a reference. 
Moreover, it would be useful to include a larger sam-
ple of subjects in a future study, as present analysis 
suggests the potential link between LIRR and ER.

In summary, our results confirm a  strong varia-
tion in LIRR related to individual differences in tem-
perament, which appears to be not affected by DA 
function. It indicates that inclusion of individual 
differences into neuroscientific research on cogni-
tive control may help to understand such processes, 
for example, by helping to account for the observed 
variation. It has been suggested that the LIRR par-
adigm, in particular, might serve as a  translational 
model for (pre)attentive information processing defi-
cits in schizophrenia (Klinkenberg, Blokland, Riedel, 
& Sambeth, 2012). Knowledge of individual variation 
related to LIRR may add to the refinement of these 
types of models. Furthermore, the current research 
adds to the literature by supporting the construct va-
lidity of the RTT traits. It also suggests that further 
research aiming at understanding temperament-re-
lated variation in cognitive stability-distractibility 
would be valuable. 

This work was supported by grant N106 042434 from 
the the National Committee of Science to A.G.
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