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Mennesket er det eneste 
dyret som kan vente med 
den beste maten til slutt 

 



Eksekutive funksjoner (EF) 

“De kognitive ferdigheter som er nødvendig for kompleks 
målrettet atferd og tilpasning til endringer og krav fra 
omgivelsene. Eksekutive funksjoner involverer evnen til å 
planlegge og forutse fremtidige konsekvenser (kognitiv 
fleksibilitet), og å styre oppmerksomhetsressurser  for å 
møte kravene som stilles ved hendelser som ikke er 
rutinepreget.” 

  
INS dictionary of neuropsychology, 1999, p. 64.  



Tilstedeværelse av eksekutiv svikt 
kompliserer rehabiliteringen, har store 
konsekvenser for sosial- og 
yrkesmessig tilpasning og er en kritisk 
faktor ved vurdering av prognose  



Samtidig har vi problemer med å 
avdekke eksekutive vansker i 

strukturerte kliniske undersøkelser 



EF… 
 
… er ikke en enhetlig funksjon 
 
Er resultatet av distinkte men samarbeidende komplekse høyere 
ordens mentale funksjoner hvor fellesnevneren er overordnet “top-
down” kontrollerte prosesser, derav termer som “kognitiv kontroll”, 
“selvregulering”, “emosjonell regulering” og “metakognisjon” 

Stuss & Alexander, 2000  
 
Når denne overordnede kontrollen over mentale prosesser bryter 
sammen, blir informasjonsprosesseringen i økende grad stimulusstyrt 
og lite fleksibel. (Fernandez-Duque, Baird, & Posner, 2000).  
 
EF definerer oss som mennesker (Stuss & Levine 2007). 
 



EF – nevralt grunnlag 
EF understøttes av multiple, distribuerte og 
samarbeidende men anatomisk atskilte 
nettverk i hjernen (Stuss et al., 2002) 
 
Prefrontal korteks (PFK)  spiller en vesentlig 
rolle 
 
PFK = 1/3 av korteks 



Funksjonelle anatomiske subsystemer og EF 
 Dorsolateral 
Kognitiv EF 

Orbitofrontal 
Selvregulering 

Medial Motivasjon/
aktivering 

-  kontrollert 
oppmerksomhet 
-  strategisk hukommelse 
-  abstrakt resonnering 
-  målsetting 
-  planlegging 
-  problemløsning 
-  mental fleksibilitet 
 
 
 
 
 
 

-  prediksjon av straff og 
belønning 
-  responsselekesjon ved 
endrede 
forterksningsforhold 
-   emosjonell og sosial 
selvregulering 
-  interpersonlig fungering 
 
 
 
 

-  våkenhet/vigilans 
-  initiativ 
- spontanitet 
-  stabil prestasjon 
-  overvåking av egne 
 prestasjoner 
konfliktmonitorering 
-  responsseleksjon 
 
 
 
 



Fraksjonering eller integrasjon i PFC 

“adaptive neural coding” model  
 
- Vektlegger PFC sin kapasitet til å fremme fleksibel, daptiv atferd stilt 
ovenfor stimuli og oppgevakrav som endrer seg 
 
 
“… it is difficult, or perhaps fruitless, to search for 
different roles for different regions, since there is 
substantial flexibility of neural properties. The 
prefrontal region is perhaps best viewed as a “general 
computational resource”, freely adapting to solve many 
quite different cognitive problems”  

Duncan & Miller, 2002, p. 289  



Fraksjonering eller integrasjon i PFC 

“If we are correct that there is no central executive, neither 
can there be a dysexecutive syndrome. The frontal lobes 
(in anatomical terms) or the supervisory system (in 
cognitive terms) do not function (in psychological terms) as 
a simple (inexplicable) homunculus”  

      Stuss et al., 1995 



FRONT 

- Lesjonsstudier 
- Nevrovitenskapelig tilnærming 
-  Bred metodologisk tilnærming 
-  Fokus på basale aspekter ved EF 
  - Kontrollert oppmerksomhet 

- Inhibisjon 

“ In our view, the most complete picture will emerge from the fusion of 
classic neuropsychological approaches informed by cognitive 
theory with powerful new techniques to measure human brain 
physiology” (Knight & Stuss, 2002, p. 573).  



FRONT 

 På hvilken måte er subregioner 
 i frontallappene forbundet med distinkte 

aspekter ved kognitiv 
(oppmerksomhets-)kontroll?   

 
 
 



FRONT 

 Kliniske atferdsbaserte metoder 
 Standardiserte NP-tester 
  Intervju & standardiserte spørreskjema 

 
 Elektrofysiologiske målinger (128 
kanalers EEG-system) 
 ”Event-related potentials (ERP) – 
elektrofysiologiske endringer aggregert over 
mange trials og tidsmessig knyttet til 
eskperimentelt presenterte stimuli 

 
 Structurell (MRI/DTI) & funksjonell 
(fMRI) imaging - 3 T scanner 
 Diffusion Tensor Imaging  - 
hvitmaterieintegritet 
 fMRI registers haemodynamic (BOLD) 
responses during task execution and 
”resting state” 

 



Event Related Potentials (ERP) 
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ERP - Basal oppmerksomhetskontroll 

•  Hvordan reagerer hjernen på markante nye og uventede hendelser i 
omgivelsene ? 

 * Novelty P3 
•  Hvordan forbereder hjernen seg på noe som skal skje i fremtiden? 

 * Contingent Negative Variation (CNV) 
•  Hva skjer i hjernen når den skal tilbakeholde en respons som 

allerede er igangsatt? 
 * Stop N2-P3 

•  Hvordan monitorerer hjernen egen prestasjon? 
 * Error-Related Negativity (ERN) 
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Nyhetsprosessering & oppmerksomhet 



Nyhetsprosessering & oppmerksomhet 

 Å legge merke til at noe nytt og uventet har 
skjedd er en grunnleggende funksjon. 

 
 Å ikke gjøre det kan være fatalt. 
  
 Mange nye hendelser er irrelevante, andre er det 
ikke. 

 
 Vi trenger altså å oppdage nyheter, men også 
vurdere om den var viktig og om den krever 
handling. Hvis ikke, må vi rette 
oppmerksomheten tilbake til det som er relevant i 
situasjonen. 

 
  



ERP og Nyhetsprosessering 

P3b:   
Utløses av en oppgaverelevant ”target” stimulus. Reflekterer 
informasjonsprosesseringskaskade der oppmerksomhet og hukommelse 
involveres.   
 
Novelty P300/P3a: 
Utløses av perseptuelt nye distraktorer som befinner seg blant mange 
standard stimuli. Kortere latens og mer frontal distribusjon enn P3b. 
Relatert til orienteringsrefleksen. 

Polich 2007 



Nyhetsdeteksjon… 

 Dorsolateral prefrontale skader pårvirker P3a komponenten selektivt.  
 Skade i temporoparietal junction påvirker P3a & b. 

 

Knight & Scabini 1998 



Auditiv Nyhetsprosessering 

•  280 standard (1000Hz, 50ms) 
•  60 (15%) target som avkrever tastetrykk (1500 Hz, 50ms) 
•  60 (15%) unike meningsbærende lyder (e.g. latter, hundebjeff) 

ISI: 1 sec 
    

S S S S S S 



Pasienter 

Orbitofrontale (n=13) 

Laterale Prefrontale (n=6) 

0                              100%  

80% av kortikalt lesjonsvolum var innenfor Brodmann områder 6, 8, 9, 44, 45 and 
46.  

82% av kortikalt lesjonsvolum var innenfor Brodmann områder 10, 11 and 47. 



Utvalg 

reconstructions were based on structural MRIs obtained
after inclusion and have been verified by the neuroradiol-
ogist, neurologist, and neurosurgeon in the research group
(P. Due-Tønnessen, R. T. Knight, & T. Meling). Testing
took place at least 6 months after injury or surgery. Pa-
tients were matched with healthy controls by age, sex,
and years of education (Table 2). Participants with a his-
tory of serious psychiatric disease, drug or alcohol abuse
requiring treatment, premorbid head injury, pre-/comorbid

neurological disease, IQ below 85, substantial aphasia,
visual neglect, or marked sensory impairment were ex-
cluded from participation.
The functional outcome of the patients was classified with

the Glasgow Outcome Scale Extended (GOS-E; Wilson,
Pettigrew, & Teasdale, 1998). GOS-E is a hierarchical scale
in which overall rating is based on the lowest outcome
indicated. Total, verbal, and performance IQ were esti-
mated on the basis of all four subtests of the Wechsler

Figure 2. Lesion
reconstructions of the LPFC
group. Individual patients
(1–6) and group overlay
(bottom row). Eighty percent
of the cortical lesion volume
was within Brodmann!s
areas 6, 8, 9, 44, 45, and 46.

Table 2. Subject Characteristics

Control OFC LPFC ANOVA

N (% women) 15 (53) 13 (54) 6 (33)

Age in years 41.6 (12.2) 45.92 (10.10) 46.17 (7.25) ns

Education in years 13.2 (2.1) 13.0 (2.38) 14.17 (2.56) ns

Total IQ 111.93 (9.9) 107.85 (11.87) 103.83 (16.92) ns

Performance IQ 111.6 (9.9) 109.77 (13.2) 105 (14.97) ns

Verbal IQ 109.07 (9.6) 103.92 (11.71) 102.33 (17.51) ns

Values given are mean (±SD).
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Oppgaven løses normalt 

Performance Data

Table 3 displays mean hit rate and RT to targets, as well
as false alarms to novels and standards. There were no
statistically significant differences between groups. Both
patient groups and healthy controls had a high hit rate to
targets (>99%) and showed few commission errors to
nontargets (<2%). RTs to targets did not differ significantly
between groups.

ERP Data

Overview

Grand average ERPs for each of the three groups to stan-
dard, target, and novel stimuli are presented in Figures 4–
6. Scalp topographies for the Novelty P3 response along
with ERP difference waves for novel minus standard tones
over frontal electrode sites are depicted in Figure 7, and
scalp topographies for the NSW to deviant sounds are
illustrated in Figure 8. Visual inspection suggested that
the task elicited the expected frontally distributed Novelty
P3 to novel sounds (Figures 6A and 7) and that both patient
groups displayed an amplitude reduction of the novelty
response. The parietally maximal P3b to target stimuli was
present in all groups (Figure 5C). Both types of deviant
sounds elicited a frontal/frontocentral sustained NSW that
was more pronounced with a longer duration for novel
stimuli compared with targets. The NSW was particularly
pronounced for the LPFC group (Figures 5A, 6A, and 8).

Early Latency ERP Components—N1, P2 and N2

N1. Regardless of stimulus type, the LPFC group had en-
hanced N1 amplitudes over the lesioned hemisphere com-
pared with both the OFC group ( p < .01) and controls
( p < .01). This effect was evident in a significant inter-
action between Hemisphere and Group (F(4, 62) = 9.61,
p < .001). The OFC group and controls did not differ sig-
nificantly from each other. Both patient groups displayed
a shorter left/lesioned frontal N1 latency to targets than
the control group (controls: 99.3 msec, SD = 7.9 msec;
OFC: 88.5 msec, SD = 17 msec; LPFC: 90.78 msec, SD =
5.5 msec). This was seen in a significant effect of Group
over this electrode location for target stimuli (F(2, 31) =

5.48, p < .01). The difference between OFC patients and
controls was significant ( p < .05) and approached signifi-
cance for the LPFC group compared with the controls ( p<
.06). The two patient groups did not differ significantly
from each other.

The LPFC patients had all undergone craniotomy, which
could potentially influence amplitude levels over the le-
sioned hemisphere through current shunting caused by
skull defects or to changes of current flow patterns due
to the surgical resection cavities filled with cerebrospinal
fluid. To partly address this issue, an analysis of signal-to-
noise ratio over lesioned versus nonlesioned electrode
sites was performed by computing mean standard devia-
tions of the amplitudes in the baseline period. There was
not a significantly larger variation in amplitudes over the
lesioned compared with the nonlesioned hemisphere in
the LPFC group ( p< .3), indicating that the signal-to-noise
ratio was comparable across hemispheres.

P2. Over the frontal electrodes, there was a main effect
of Group (F(2, 31) = 5.07, p < .01) as the OFC group
had significantly smaller mean P2 amplitude to standards
than the control group ( p < .001). The LPFC group did
not differ significantly from either of the two other groups.
See Figure 4.

N2. There were no significant main effects or interactions
involving Group on amplitude (Fs = 0.21–2.0, ps = .08–.94)
or latency (Fs = 0.27–1.67, ps = .21–.76) of the N2 differ-
ence waves (target minus standard and novel minus stan-
dard computations).

ERPs to Target and Novel Deviants

Parietal P3b to targets. There was no significant main
effect involving Group for the parietal P3b latency (F(2,
31) = .17, p < .85; controls: 386.1 msec, SD = 57.3;
OFC: 394.9 msec, SD = 54.1; LPFC: 398.9 msec, SD =
28). The analysis revealed no significant main effect of
Group on the parietal P3b peak (F(2, 31) = 1.17, p <
.32) or mean (F(2, 31) = 1.34, p < .28) amplitude, as
well as no significant interactions between Group and
Hemisphere neither for the peak (F(4, 62) = 1.46, p <
.23) nor the mean (F(4, 62) = 1.42, p < .24) amplitude
analysis.

Novelty P3. There was no significant main Group la-
tency effect for the frontal Novelty P3 (F(2, 31) = .36,
p < .7; controls: 314.7 msec, SD = 17.6; OFC: 328.1 msec,
SD = 34.5; LPFC: 309.5 msec, SD = 28.2). Amplitude
analysis was performed on mean values. Both patient
groups displayed attenuated Novelty P3 amplitudes com-
pared with healthy controls. The overall analysis showed
both significant Anterior–Posterior ! Group (F(4, 62) =
3.53, p < .05) and Hemisphere ! Group (F(4, 62) =
3.65, p < .05) interactions. Follow-up analyses were,
thus, performed on the right, midline, and left/ lesioned

Table 3. Behavioral Results from the Novelty Oddball Task

Control OFC LPFC ANOVA

Hit rate target (%) 99.7 (0.9) 99.6 (1.0) 99.2 (2.0) ns

False alarms (%) ns

Standard 0.6 (0.3) 0.6 (0.3) 0.7 (0.4) ns

Novel 1.2 (2.3) 1.1 (1.4) 1.1 (1.3) ns

RT target (msec) 381.9 (66.2) 422.5 (73.5) 421.9 (46.7) ns

Results are reported as mean values (±SD).

Løvstad et al. 385



Normal target deteksjon 



Svekket frontal Novelty P3  
og stor sen negativitet 
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Anterior cingulum og kognitiv kontroll 

Case History Study

Anterior cingulate cortex and cognitive control: Neuropsychological
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a b s t r a c t

Whereas neuroimaging studies of healthy subjects have demonstrated an association between the ante-
rior cingulate cortex (ACC) and cognitive control functions, including response monitoring and error
detection, lesion studies are sparse and have produced mixed results. Due to largely normal behavioral
test results in two patients with medial prefrontal lesions, a hypothesis has been advanced claiming that
the ACC is not involved in cognitive operations. In the current study, two comparably rare patients with
unilateral lesions to dorsal medial prefrontal cortex (MPFC) encompassing the ACC were assessed with
neuropsychological tests as well as Event-Related Potentials in two experimental paradigms known to
engage prefrontal cortex (PFC). These included an auditory Novelty Oddball task and a visual Stop-signal
task. Both patients performed normally on the Stroop test but showed reduced performance on tests of
learning and memory. Moreover, altered attentional control was reflected in a diminished Novelty P3,
whereas the posterior P3b to target stimuli was present in both patients. The error-related negativity,
which has been hypothesized to be generated in the ACC, was present in both patients, but alterations
of inhibitory behavior were observed. Although interpretative caution is generally called for in single case
studies, and the fact that the lesions extended outside the ACC, the findings nevertheless suggest a role
for MPFC in cognitive control that is not restricted to error monitoring.

! 2012 Elsevier Inc. All rights reserved.

1. Introduction

The role of the frontal lobes in top-down controlled information
processing has been thoroughly documented (Duncan & Owen,
2000; Knight & Stuss, 2002; Stuss & Alexander, 2000) and there
is increasing evidence that executive control is implemented by
distributed networks of closely interacting, but anatomically disso-
ciable areas (Stuss & Alexander, 2007). Major functional distinc-
tions are commonly drawn between the dorsolateral, orbital and
medial prefrontal cortex (MPFC). While the dorsolateral prefrontal
cortex is associated with cognitive executive control and top-down

processes (Miller & Desposito, 2005; Voytek & Knight, 2010a), the
orbital division plays a major role in control of social and emo-
tional behavior (Knight & Stuss, 2002; Stuss & Levine, 2002). Explo-
ration of the role of MPFC in general, and the anterior cingulate
cortex (ACC) in particular, has evoked great interest over the past
decade.

The extensive connectivity of the MPFC and ACC with cortical
and sub-cortical brain areas puts this region in a key position for
top-down modulation of behavior (Devinsky, Morrell, & Vogt,
1995). A functional subdivision in a primarily rostral ‘‘affective’’
and a dorsal ‘‘cognitive’’ division of the ACC has been described
(Bush, Luu, & Posner, 2000; Mohanty et al., 2007), although such
a dichotomy might represent an oversimplification (Etkin, Egner,
& Kalisch, 2011). MPFC is proposed to play a critical role in the
operations of the anterior attentional system responsible for the
maintenance of an alert state (Posner & Petersen, 1990), and

0278-2626/$ - see front matter ! 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bandc.2012.07.008

! Corresponding author. Address: Sunnaas Rehabilitation Hospital, Bjørnemyrve-
ien 11, 1450 Nesoddtangen, Norway. Fax: +47 66 91 25 76.
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Løvstad).
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Anterior cingulate  (ACC) cortex 

Bush, Luu & Posner, 2000 



Dorsal kognitiv division (Accd)  
 
BA 24b-c and 32)  
Del av distributed oppmerksomhetsnettverk. Sterke resiproke 
forbindelser med lateral PFC (BA 46/9), parietal korteks (BA 7), og 
premotoriske & supplementære motoriske områder (BA 6).  
* modulering av oppmerksomhet ved påvirkning av  
  sensorikk og responsseleksjon 
* konfliktmonitorering 
* kompleks motorisk kontroll 
* motivasjon 
* nyhetsprosessering 
* deteksjon av feil 

  
 
 



Whalen, P. et al. (1998) Biol. Psychiatry 44, 1219–1228 
Bush, G. et al. (1998) Hum. Brain Mapp.6, 270–282 

ACC, konfliktmonitorering og Stroop-effekten 



ACC & Error detection;  
the error related negativity (ERN) 

Atferd: 
Post Error Slowing – tregere RT til Go etter feil 
 



Hvorfor case studier? 

One must also bear in mind that imaging evidence, 
being merely correlational, can only be suggestive. 
To establish necessity requires studies that examine 
loss of function. Importantly, since the cingulate is 
so ubiquitously activated, even a small number of 
studies showing an absence of any functional 
deficits following damage to this area would be 
considered strong evidence against the fundamental 
role that has been proposed for it. 

 Nachev, 2005  



ACC ikke involvert i kognisjon? 



Elektrofysiologi ved unilateral ACC skade 
- en casestudie 

Løvstad et. al., 2012 

monitoring (Aron et al., 2007; Schmajuk, Liotti, Busse, & Woldorff,
2006). In line with existing knowledge of neuropsychological testś
limited sensitivity to the effect of frontal lobe lesions (Knight &
Stuss, 2002; Løvstad et al., in press), it was hypothesized that the
neurophysiological measures might reveal signs of altered infor-
mation processing not evident in neuropsychological test results.
It was predicted that lesion-related alterations of motor-inhibition,
error-monitoring and novelty processing would be observed. Of
particular interest was whether patients with unilateral ACC le-
sions would exhibit the error-related negativity and the post-error
slowing of reaction times.

2. Methods

2.1. Patients

The patients participated in a research program at Oslo Univer-
sity Hospital investigating the effects of focal frontal lobe lesions.
See Fig. 1 for MRI scans depicting the lesions.

Patient 1 is a right-handed male in his mid thirties with
12 years of formal education. He was assessed 20 months after sur-
gical removal of a right frontal low-grade glioma. The lesion in-
cluded medial, dorsal and rostral ACC (BA 24 and 32), with
marginal involvement of BA 25. In addition to involvement of pos-
terior medial frontal cortex (BA 6 and 8), the lesion extended to-
wards polar and ventral prefrontal areas (BA 9 and 10, and to a
limited degree BA 46).

Patient 2 is a right-handed male in his thirties who completed
15 years of formal education. A low-grade glioma in the left hemi-
sphere was resected 10 months prior to study inclusion. The lesion
predominantly affected rostral, but also medial ACC (BA 24 and
32). Additional damage was seen in BA 9 and 10, as well as corpus
callosum, and scarred tissue was observed dorsally along the cor-
pus callosum.

2.2. Controls

Neuropsychological performance of the patients was compared
to a healthy control group consisting of 21 persons with a mean
age of 42.9 years (SD 11.9) and mean length of formal education
of 13.5 years (SD 2.3). The control group consisted of 11 females
and 10 males, of whom 20 were right-handed.

2.3. Consent and ethics

Participants gave informed consent to participation. Controls
received 500 NOK (approximately 80 USD) for participation in the
entire research program (neuropsychological assessment, EEG,
structural and functional MRI). The study was approved by the
Norwegian Regional Committee forMedical Research Ethics, Region
South.

2.4. Measures

2.4.1. Functional outcome and neuropsychological performance
Functional outcome was classified using the Glasgow Outcome

Scale Extended (GOS-E) (Wilson, Pettigrew, & Teasdale, 1998), a
hierarchical scale in which the patient’s overall functional outcome
is estimated based on the lowest item score obtained.

Full scale, verbal and performance IQ were established based on
all 4 subtests of the Wechsler Abbreviated Scale of Intelligence;
Vocabulary, Similarities, Block Design and Matrix Reasoning
(WASI; Wechsler, 1999). Digit Span and Letter–Number Sequenc-
ing from the Wechsler Adult Intelligence Scale Third Edition
(WAIS-III; Wechsler, 1997) were included as measures of attention

and working memory. Verbal learning and memory was assessed
with the California Verbal Learning Test Second Edition (Delis,
Kaplan, Kramer, & Ober, 2000). Visuospatial learning and memory
was examined with the Brief Visuospatial Memory Test-Revised

Fig. 1. MRI scans of (A) patient 1, illustrating unilateral right medial prefontal
lesion, (B) patient 1, illustrating unilateral left medial prefontal lesion.
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monitoring (Aron et al., 2007; Schmajuk, Liotti, Busse, & Woldorff,
2006). In line with existing knowledge of neuropsychological testś
limited sensitivity to the effect of frontal lobe lesions (Knight &
Stuss, 2002; Løvstad et al., in press), it was hypothesized that the
neurophysiological measures might reveal signs of altered infor-
mation processing not evident in neuropsychological test results.
It was predicted that lesion-related alterations of motor-inhibition,
error-monitoring and novelty processing would be observed. Of
particular interest was whether patients with unilateral ACC le-
sions would exhibit the error-related negativity and the post-error
slowing of reaction times.

2. Methods

2.1. Patients

The patients participated in a research program at Oslo Univer-
sity Hospital investigating the effects of focal frontal lobe lesions.
See Fig. 1 for MRI scans depicting the lesions.

Patient 1 is a right-handed male in his mid thirties with
12 years of formal education. He was assessed 20 months after sur-
gical removal of a right frontal low-grade glioma. The lesion in-
cluded medial, dorsal and rostral ACC (BA 24 and 32), with
marginal involvement of BA 25. In addition to involvement of pos-
terior medial frontal cortex (BA 6 and 8), the lesion extended to-
wards polar and ventral prefrontal areas (BA 9 and 10, and to a
limited degree BA 46).

Patient 2 is a right-handed male in his thirties who completed
15 years of formal education. A low-grade glioma in the left hemi-
sphere was resected 10 months prior to study inclusion. The lesion
predominantly affected rostral, but also medial ACC (BA 24 and
32). Additional damage was seen in BA 9 and 10, as well as corpus
callosum, and scarred tissue was observed dorsally along the cor-
pus callosum.

2.2. Controls

Neuropsychological performance of the patients was compared
to a healthy control group consisting of 21 persons with a mean
age of 42.9 years (SD 11.9) and mean length of formal education
of 13.5 years (SD 2.3). The control group consisted of 11 females
and 10 males, of whom 20 were right-handed.

2.3. Consent and ethics

Participants gave informed consent to participation. Controls
received 500 NOK (approximately 80 USD) for participation in the
entire research program (neuropsychological assessment, EEG,
structural and functional MRI). The study was approved by the
Norwegian Regional Committee forMedical Research Ethics, Region
South.

2.4. Measures

2.4.1. Functional outcome and neuropsychological performance
Functional outcome was classified using the Glasgow Outcome

Scale Extended (GOS-E) (Wilson, Pettigrew, & Teasdale, 1998), a
hierarchical scale in which the patient’s overall functional outcome
is estimated based on the lowest item score obtained.

Full scale, verbal and performance IQ were established based on
all 4 subtests of the Wechsler Abbreviated Scale of Intelligence;
Vocabulary, Similarities, Block Design and Matrix Reasoning
(WASI; Wechsler, 1999). Digit Span and Letter–Number Sequenc-
ing from the Wechsler Adult Intelligence Scale Third Edition
(WAIS-III; Wechsler, 1997) were included as measures of attention

and working memory. Verbal learning and memory was assessed
with the California Verbal Learning Test Second Edition (Delis,
Kaplan, Kramer, & Ober, 2000). Visuospatial learning and memory
was examined with the Brief Visuospatial Memory Test-Revised
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Novelty P3 og sen negativitet 

error-positivity following failed inhibitions (Fig. 3B). In patient 1,
the error-related negativity was identifiable over both hemi-
spheres as well as midline central electrodes. Amplitudes seemed
enlarged over midline and right hemisphere (ipsilateral to lesion)
sites, although this effect did not turn out as significant. Patient
2, on the other hand, displayed a normal error-related negativity
over the left hemisphere (ispilateral to lesion) only and a signifi-
cantly diminished error-related negativity over midline and right
hemisphere electrodes. The error-positivity was present over all
sites for both patients, with a significant enhancement over the le-
sioned hemisphere for patient 1. Response-locked ERPs to correct
responses are shown in Fig. 3C, with corresponding amplitudes
in Table 3d, illustrating that successful Go-trials did not elicit a
negative deflection resembling the error-related negativity neither
in the control group nor the patients.

4. Discussion

The contribution of dorsomedial PFC in distributed cognitive
control networks remains poorly understood. This case study
examined neuropsychological, behavioral, and electrophysiological
indices of cognitive control following ACC injury, with a specific
aim to investigate the claim set forth by Baird et al. (2006) that
the ACC is not involved in cognitive processing.

In summary, performance on the Color-Word Interference Test,
the D–KEFS version of the traditional Stroop task, was normal in
both patients, whereas scores on memory tasks were reduced. As
hypothesized, alterations of electrophysiological responses were
observed. The Novelty P3 response was diminished bilaterally,
whereas the target-related posterior P3b was present in both pa-
tients. Interestingly, both patients displayed the error-related neg-
ativity to failed stop-signal inhibitions, although the results varied
in that patient 1 demonstrated an error-related negativity over the
left hemisphere only, while patient 2 tended to have increased
amplitudes over midline electrodes and ipsilateral to lesion. There
were also indications of altered behavioral adjustment in the

Stop-signal paradigm, as the patients did not show the expected
post-error slowing.

4.1. Neuropsychological findings

Stuss et al. (2001) found that bilateral lesions of the MPFC were
associated with impaired Stroop performance. As the two patients
in this study had unilateral lesions, we cannot confirm this finding,
but the unaffected performance indicates that a bilaterally intact
ACC is not critical for normal performance on the Stroop task. It
is also of potential significance that we only administered a verbal
Stroop task, while Turken and Swick (1999) found that manual, but
not verbal response delivery was affected by a right dorsal ACC
lesion.

Of interest are the learning and memory scores of the patients.
PFC damage particularly affects strategic aspects of memory and
learning, as part of a broader cognitive impairment associated with
problems in controlling extraneous or irrelevant information pro-
cessing (Shimamura, 1995). Ventromedial PFC has been found to
be of particular relevance for long-term consolidation of memories,
with a main role being to ensure that irrelevant information from
limbic structures does not interfere with the long-term consolida-
tion of memory traces (Nieuwenhuis & Takashima, 2011). Of note,
the region discussed by Nieuwenhuis and Takashima is more orbi-
tal than those presented in the current study. Also, memory con-
solidation as such was not studied beyond a 1 h time frame in
this study. However, the reduced learning, and tendency towards
false positive responses for patient 1, and the trend towards similar
findings in patient 2, give preliminary support to a role of ACC in
learning and long-term memory retrieval.

Patient 1 had a reduced Verbal IQ, resulting in a trend towards
affected total IQ. Note that the IQ of patient 1 was 100, which is a
normal result according to normative data. Verbal IQ in the lower
normal range could reflect premorbid level of functioning, preclud-
ing strong conclusions. In general, studies exploring the effect of
PFC lesions on IQ have yielded mixed results (Anderson, Jacobs, &
Harvey, 2005; Tranel, Manzel, & Anderson, 2008).

Table 2
Novelty Oddball. ERP amplitudes for controls (Mean(SD)) and patient 1 and 2; a) Novelty P3, b) Frontal negative slow wave, c) P3b to target, and d) Behavioral data.

Control Patient 1 Patient 2 Patient 1 Patient 2 Patient 1 Patient 2

Mean (SD) t-Values Effect size (Zcc)

ERP amplitudes

(a) Novelty P3 (mean amplitude 270–400 ms)
Frontal left 1.51 (1.77) !2.37 !1.26 !2.13** !1.52* !2.19 !1.56
Frontal midline 2.19 (1.55) !6.95 !4.06 !5.71*** !3.91*** !5.90 !4.03
Frontal right 2.01 (1.67) !7.07 !1.94 !5.28*** !2.30*** !5.44 !2.37

(b) Frontal negative slow wave to Novels (mean amplitude 400–600 ms)
Frontal left !0.87 (1.29) !1.14 !3.13 !0.20 !1.70* !0.21 !1.75
Frontal midline !1.23 (1.02) !4.94 !4.51 !3.53*** !3.12*** !3.64 !3.22
Frontal right !1.05 (1.16) !7.29 !1.93 !5.24*** !0.74 !5.38 !0.76

(c) P3b to target (mean amplitude 300–500 ms)
Parietal left 2.03 (1.27) 4.19 3.98 1.65* 1.49* 1.7 1.54
Parietal midline 2.94 (2.15) 6.16 5.90 1.46* 1.34* 1.50 1.38
Parietal right 2.33 (1.85) 5.31 4.50 1.56* 1.13 1.61 1.17

(d) Behavioral data
Hit rate target (%) 99.7 (0.9) 100 100 0.32 0.32 0.33 0.33

False alarms (%)
Standard 0.6 (0.3) 0.4 1.8 !0.65 3.87*** !0.67 4
Novel 1.2 (2.3) 0 3.3 !0.51 0.89 !0.52 0.91
RT target (ms) 382 (66.2) 387 372 0.07 !0.15 0.08 !0.15

* p < .1.
** p < .05.
*** p < .025.
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error-positivity following failed inhibitions (Fig. 3B). In patient 1,
the error-related negativity was identifiable over both hemi-
spheres as well as midline central electrodes. Amplitudes seemed
enlarged over midline and right hemisphere (ipsilateral to lesion)
sites, although this effect did not turn out as significant. Patient
2, on the other hand, displayed a normal error-related negativity
over the left hemisphere (ispilateral to lesion) only and a signifi-
cantly diminished error-related negativity over midline and right
hemisphere electrodes. The error-positivity was present over all
sites for both patients, with a significant enhancement over the le-
sioned hemisphere for patient 1. Response-locked ERPs to correct
responses are shown in Fig. 3C, with corresponding amplitudes
in Table 3d, illustrating that successful Go-trials did not elicit a
negative deflection resembling the error-related negativity neither
in the control group nor the patients.

4. Discussion

The contribution of dorsomedial PFC in distributed cognitive
control networks remains poorly understood. This case study
examined neuropsychological, behavioral, and electrophysiological
indices of cognitive control following ACC injury, with a specific
aim to investigate the claim set forth by Baird et al. (2006) that
the ACC is not involved in cognitive processing.

In summary, performance on the Color-Word Interference Test,
the D–KEFS version of the traditional Stroop task, was normal in
both patients, whereas scores on memory tasks were reduced. As
hypothesized, alterations of electrophysiological responses were
observed. The Novelty P3 response was diminished bilaterally,
whereas the target-related posterior P3b was present in both pa-
tients. Interestingly, both patients displayed the error-related neg-
ativity to failed stop-signal inhibitions, although the results varied
in that patient 1 demonstrated an error-related negativity over the
left hemisphere only, while patient 2 tended to have increased
amplitudes over midline electrodes and ipsilateral to lesion. There
were also indications of altered behavioral adjustment in the

Stop-signal paradigm, as the patients did not show the expected
post-error slowing.

4.1. Neuropsychological findings

Stuss et al. (2001) found that bilateral lesions of the MPFC were
associated with impaired Stroop performance. As the two patients
in this study had unilateral lesions, we cannot confirm this finding,
but the unaffected performance indicates that a bilaterally intact
ACC is not critical for normal performance on the Stroop task. It
is also of potential significance that we only administered a verbal
Stroop task, while Turken and Swick (1999) found that manual, but
not verbal response delivery was affected by a right dorsal ACC
lesion.

Of interest are the learning and memory scores of the patients.
PFC damage particularly affects strategic aspects of memory and
learning, as part of a broader cognitive impairment associated with
problems in controlling extraneous or irrelevant information pro-
cessing (Shimamura, 1995). Ventromedial PFC has been found to
be of particular relevance for long-term consolidation of memories,
with a main role being to ensure that irrelevant information from
limbic structures does not interfere with the long-term consolida-
tion of memory traces (Nieuwenhuis & Takashima, 2011). Of note,
the region discussed by Nieuwenhuis and Takashima is more orbi-
tal than those presented in the current study. Also, memory con-
solidation as such was not studied beyond a 1 h time frame in
this study. However, the reduced learning, and tendency towards
false positive responses for patient 1, and the trend towards similar
findings in patient 2, give preliminary support to a role of ACC in
learning and long-term memory retrieval.

Patient 1 had a reduced Verbal IQ, resulting in a trend towards
affected total IQ. Note that the IQ of patient 1 was 100, which is a
normal result according to normative data. Verbal IQ in the lower
normal range could reflect premorbid level of functioning, preclud-
ing strong conclusions. In general, studies exploring the effect of
PFC lesions on IQ have yielded mixed results (Anderson, Jacobs, &
Harvey, 2005; Tranel, Manzel, & Anderson, 2008).

Table 2
Novelty Oddball. ERP amplitudes for controls (Mean(SD)) and patient 1 and 2; a) Novelty P3, b) Frontal negative slow wave, c) P3b to target, and d) Behavioral data.

Control Patient 1 Patient 2 Patient 1 Patient 2 Patient 1 Patient 2

Mean (SD) t-Values Effect size (Zcc)

ERP amplitudes

(a) Novelty P3 (mean amplitude 270–400 ms)
Frontal left 1.51 (1.77) !2.37 !1.26 !2.13** !1.52* !2.19 !1.56
Frontal midline 2.19 (1.55) !6.95 !4.06 !5.71*** !3.91*** !5.90 !4.03
Frontal right 2.01 (1.67) !7.07 !1.94 !5.28*** !2.30*** !5.44 !2.37

(b) Frontal negative slow wave to Novels (mean amplitude 400–600 ms)
Frontal left !0.87 (1.29) !1.14 !3.13 !0.20 !1.70* !0.21 !1.75
Frontal midline !1.23 (1.02) !4.94 !4.51 !3.53*** !3.12*** !3.64 !3.22
Frontal right !1.05 (1.16) !7.29 !1.93 !5.24*** !0.74 !5.38 !0.76

(c) P3b to target (mean amplitude 300–500 ms)
Parietal left 2.03 (1.27) 4.19 3.98 1.65* 1.49* 1.7 1.54
Parietal midline 2.94 (2.15) 6.16 5.90 1.46* 1.34* 1.50 1.38
Parietal right 2.33 (1.85) 5.31 4.50 1.56* 1.13 1.61 1.17

(d) Behavioral data
Hit rate target (%) 99.7 (0.9) 100 100 0.32 0.32 0.33 0.33

False alarms (%)
Standard 0.6 (0.3) 0.4 1.8 !0.65 3.87*** !0.67 4
Novel 1.2 (2.3) 0 3.3 !0.51 0.89 !0.52 0.91
RT target (ms) 382 (66.2) 387 372 0.07 !0.15 0.08 !0.15

* p < .1.
** p < .05.
*** p < .025.
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error-related negativity but not error-positivity changes in patients
with frontal white matter lesions due to sickle-cell disease. The
findings were interpreted as indexing the result of damaged white
matter connections between the medial and lateral PFC. Interest-
ingly, the reduction of error-related negativity amplitude was
found in both unilateral and bilateral lesions, suggesting that uni-
lateral ACC-affection is sufficient to attenuate the error-related
negativity.

In the present study, both patients displayed the error-related
negativity. However, the ERP-findings in the Stop-signal task were
more variable than in the novelty oddball task, as error-related

negativity was only clearly present over the left (i.e. lesioned)
hemisphere in patient 2, whereas patient 1 tended to have in-
creased error-related negativity and error-positivity amplitudes
over midline electrodes and ipsilateral to the lesion. The most
important aspect of the finding is, however, that unilateral damage
to the ACC and surrounding MPFC tissue is not necessarily associ-
ated with abolishment of the error-related negativity.

Behaviorally, the control group displayed a clear post-error
slowing of 29 ms. The variability within the control group was
large however, rendering the lack of post-error slowing in patients
non-significant. Patient 1 deviated from controls by having longer

Fig. 3. Stop signal task ERP’s controls (black) and ACC patients (1 = blue, 2 = red). (A) parietal P3 to successful GO (GO P3), (B) response-locked error related negativity (ERN)
over central electrodes, and (C) response-locked correct related negativity (CRN) over central electrodes.
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monitoring (Aron et al., 2007; Schmajuk, Liotti, Busse, & Woldorff,
2006). In line with existing knowledge of neuropsychological testś
limited sensitivity to the effect of frontal lobe lesions (Knight &
Stuss, 2002; Løvstad et al., in press), it was hypothesized that the
neurophysiological measures might reveal signs of altered infor-
mation processing not evident in neuropsychological test results.
It was predicted that lesion-related alterations of motor-inhibition,
error-monitoring and novelty processing would be observed. Of
particular interest was whether patients with unilateral ACC le-
sions would exhibit the error-related negativity and the post-error
slowing of reaction times.

2. Methods

2.1. Patients

The patients participated in a research program at Oslo Univer-
sity Hospital investigating the effects of focal frontal lobe lesions.
See Fig. 1 for MRI scans depicting the lesions.

Patient 1 is a right-handed male in his mid thirties with
12 years of formal education. He was assessed 20 months after sur-
gical removal of a right frontal low-grade glioma. The lesion in-
cluded medial, dorsal and rostral ACC (BA 24 and 32), with
marginal involvement of BA 25. In addition to involvement of pos-
terior medial frontal cortex (BA 6 and 8), the lesion extended to-
wards polar and ventral prefrontal areas (BA 9 and 10, and to a
limited degree BA 46).

Patient 2 is a right-handed male in his thirties who completed
15 years of formal education. A low-grade glioma in the left hemi-
sphere was resected 10 months prior to study inclusion. The lesion
predominantly affected rostral, but also medial ACC (BA 24 and
32). Additional damage was seen in BA 9 and 10, as well as corpus
callosum, and scarred tissue was observed dorsally along the cor-
pus callosum.

2.2. Controls

Neuropsychological performance of the patients was compared
to a healthy control group consisting of 21 persons with a mean
age of 42.9 years (SD 11.9) and mean length of formal education
of 13.5 years (SD 2.3). The control group consisted of 11 females
and 10 males, of whom 20 were right-handed.

2.3. Consent and ethics

Participants gave informed consent to participation. Controls
received 500 NOK (approximately 80 USD) for participation in the
entire research program (neuropsychological assessment, EEG,
structural and functional MRI). The study was approved by the
Norwegian Regional Committee forMedical Research Ethics, Region
South.

2.4. Measures

2.4.1. Functional outcome and neuropsychological performance
Functional outcome was classified using the Glasgow Outcome

Scale Extended (GOS-E) (Wilson, Pettigrew, & Teasdale, 1998), a
hierarchical scale in which the patient’s overall functional outcome
is estimated based on the lowest item score obtained.

Full scale, verbal and performance IQ were established based on
all 4 subtests of the Wechsler Abbreviated Scale of Intelligence;
Vocabulary, Similarities, Block Design and Matrix Reasoning
(WASI; Wechsler, 1999). Digit Span and Letter–Number Sequenc-
ing from the Wechsler Adult Intelligence Scale Third Edition
(WAIS-III; Wechsler, 1997) were included as measures of attention

and working memory. Verbal learning and memory was assessed
with the California Verbal Learning Test Second Edition (Delis,
Kaplan, Kramer, & Ober, 2000). Visuospatial learning and memory
was examined with the Brief Visuospatial Memory Test-Revised

Fig. 1. MRI scans of (A) patient 1, illustrating unilateral right medial prefontal
lesion, (B) patient 1, illustrating unilateral left medial prefontal lesion.
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mation processing not evident in neuropsychological test results.
It was predicted that lesion-related alterations of motor-inhibition,
error-monitoring and novelty processing would be observed. Of
particular interest was whether patients with unilateral ACC le-
sions would exhibit the error-related negativity and the post-error
slowing of reaction times.
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The patients participated in a research program at Oslo Univer-
sity Hospital investigating the effects of focal frontal lobe lesions.
See Fig. 1 for MRI scans depicting the lesions.

Patient 1 is a right-handed male in his mid thirties with
12 years of formal education. He was assessed 20 months after sur-
gical removal of a right frontal low-grade glioma. The lesion in-
cluded medial, dorsal and rostral ACC (BA 24 and 32), with
marginal involvement of BA 25. In addition to involvement of pos-
terior medial frontal cortex (BA 6 and 8), the lesion extended to-
wards polar and ventral prefrontal areas (BA 9 and 10, and to a
limited degree BA 46).

Patient 2 is a right-handed male in his thirties who completed
15 years of formal education. A low-grade glioma in the left hemi-
sphere was resected 10 months prior to study inclusion. The lesion
predominantly affected rostral, but also medial ACC (BA 24 and
32). Additional damage was seen in BA 9 and 10, as well as corpus
callosum, and scarred tissue was observed dorsally along the cor-
pus callosum.

2.2. Controls

Neuropsychological performance of the patients was compared
to a healthy control group consisting of 21 persons with a mean
age of 42.9 years (SD 11.9) and mean length of formal education
of 13.5 years (SD 2.3). The control group consisted of 11 females
and 10 males, of whom 20 were right-handed.

2.3. Consent and ethics

Participants gave informed consent to participation. Controls
received 500 NOK (approximately 80 USD) for participation in the
entire research program (neuropsychological assessment, EEG,
structural and functional MRI). The study was approved by the
Norwegian Regional Committee forMedical Research Ethics, Region
South.

2.4. Measures

2.4.1. Functional outcome and neuropsychological performance
Functional outcome was classified using the Glasgow Outcome

Scale Extended (GOS-E) (Wilson, Pettigrew, & Teasdale, 1998), a
hierarchical scale in which the patient’s overall functional outcome
is estimated based on the lowest item score obtained.

Full scale, verbal and performance IQ were established based on
all 4 subtests of the Wechsler Abbreviated Scale of Intelligence;
Vocabulary, Similarities, Block Design and Matrix Reasoning
(WASI; Wechsler, 1999). Digit Span and Letter–Number Sequenc-
ing from the Wechsler Adult Intelligence Scale Third Edition
(WAIS-III; Wechsler, 1997) were included as measures of attention

and working memory. Verbal learning and memory was assessed
with the California Verbal Learning Test Second Edition (Delis,
Kaplan, Kramer, & Ober, 2000). Visuospatial learning and memory
was examined with the Brief Visuospatial Memory Test-Revised

Fig. 1. MRI scans of (A) patient 1, illustrating unilateral right medial prefontal
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Abstract
Objective: This study examined the effects of chronic focal lesions to the lateral prefrontal cortex (LPFC) or orbitofrontal
cortex (OFC) on neuropsychological test performance and self-reported executive functioning in everyday living.
Methods: Fourteen adults with OFC lesions were compared to 10 patients with LPFC injuries and 21 healthy controls.
Neuropsychological tests with emphasis on measures of cognitive executive function were administered along with the
Behavior Rating Inventory of Executive Functions (BRIEF-A) and a psychiatric screening instrument.
Results: The LPFC group differed from healthy controls on neuropsychological tests of sustained mental effort, response
inhibition, working memory and mental switching, while the BRIEF-A provided more clinically important information on
deficits in everyday life in the OFC group compared to the LPFC group. Correlations between neuropsychological test
results and BRIEF-A were weak, while the BRIEF-A correlated strongly with emotional distress.
Conclusions: It was demonstrated that LPFC damage is particularly prone to cause cognitive executive deficit, while OFC
injury is more strongly associated with self-reported dysexecutive symptoms in everyday living. The study illustrates the
challenge of identifying executive deficit in individual patients and the lack of strong anatomical specificity of the currently
employed methods. There is a need for an integrative methodological approach where standard testing batteries are
supplemented with neuropsychiatric and frontal-specific rating scales.

Keywords: Executive functioning, frontal lobe, neuropsychological, assessment, cognition

Introduction

Wilful control of thoughts, emotions and behaviour is
an intrinsically human capacity and a prerequisite for
adaptive functioning. This capacity relies on complex
higher-order mental processes typically denoted as
executive functions. Executive functioning is called
for in non-routine situations where habitual
responses and prior experiences are not sufficient.

When the ability to maintain meta-control over
mental processes breaks down, the information pro-
cessing system is rendered inflexible and increasingly
stimulus-bound [1]. Executive deficit is a common
result of acquired brain injury and is a potent negative
predictor for long-term outcome [2].

There is emerging consensus that executive
functioning is not a unitary function, but a set of
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Nevropsykologisk utredning og EF 
Å konkludere vedrørende tilstedeværelse av eksekutiv svikt er noe av det mest krevende NP 
gjør, og også noe av det vanligste 

Ingen gullstandard  
1.  Usannsynlig at ett mål vil kunne fange opp skader i 1/3 av korteks 
2.  Også subkortikale skader forventes å gi EF vansker 
3.  Siden EF påvirker lavere ordens kognitive funksjoner, er det krevende å finne mål 

som lar oss skille mellom top-down kontroll over en funksjon og funksjonen i seg 
selv 

Royall et al., 2002 

- Mange tester som betraktes som “frontale” har svak evidens for en sammenheng med PFC  
- Anatomiske validitetsstudier har oftest ikke sett på subsystemer innen PFC (Stuss, 2007). 
- Siden “frontale tester” oftest er multifaktorielle nettopp for å fange opp komplekse 
funksjoner, vil pasienter kunne ha vansker på testene av forskjellige grunner (Knight & 
Stuss, 2002)  



Fronts NP-batteri 

Wechsler Abbreviated Scale of Intelligence (WASI) 
Tallspenn & Bokstav-tall sekvensiering fra WAIS-III 
D-KEFS: Trail Making Test, Figur-Flyt, Verbal Flyt & Color-Word Interference Test 
Californial Verbal Memory Test 2nd ed. (CVLT-2) 
Brief Visuospatial Memory Test-Revised (BVMT-R) 
 
 
Glasgow Outcome Scale Extended (GOSE)  
Symptom Checklist 90 Revised (SCL-90-R) 
Obsessive-Compulsive Inventory Revised (OCI-R) 
Behavior Rating Inventory of Executive Function (BRIEF-A) 
 



NP ved OFC og LPFC skade 

OFC, n=14 

LPFC, n=10 



Nevropsyk: 



BRIEF-A 



BRIEF-A og fokal PFC skade 

Ingen sig. korrelasjoner mellom BRIEF-A (egen eller komparent) og IQ, 
WASI subskalaer eller EF-tester (CWI 1 & 3, TMT 4 & Verbal Fluency 1).  

Egenrapportert Global Executive Composite (GEC) på BRIEF-A 
korrelerte sterkt (r = mellom .64 - .98, p<.001) med Global Severity Index 
(GSI) fra SCL-90-R i alle gruppene. 



Oppsummert 

-  Støtte til hovehypotese om forventet størst utslag på NP-tester etter 
LPFC skade 

-   mental effort, responsinhibisjon, WM og switching 

-  BRIEF-A gir viktig tillegginformasjon til NP-vurdering, særlig i OFC 
gruppen 

 
MEN: 
-  Til tross for svekket prestasjon sml m/ kontroller – innenfor normalen 
-  Svært krevende vurderinger på individnivå 
-  Hvilken spesifisitet har BRIEF-A til EF? 



oppsummering… 

Det som fremstår som forstyrret kompleks atferd i klinikken kan 
skyldes endringer i helt basale og lokaliserte aspekter av 
oppmerksomhetskontroll. 
 
Vi trenger å benytte en bredde i metodikk for å fange opp de 
vanskene pasienter med PFC skade sliter med. 
 
Nevropsykologer må ha et sterkere forhold til anatomi, og et høyere 
begrepsmessig presisjonsnivå når vi skal omtale eksekutiv 
fungering. 
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