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In this presentation I will report findings of four studies carried out in our laboratory investigating neurocognitive properties of behavioural inhibition and behavioural activation, and fight-flight-freeze systems (BIS/BAS and FFFS; Gray 1982, 1987; Gray & McNaughton, 2000; Corr, 2008).
Study 1.- The first study (De Pascalis et al., 1996) has examined the role of behavioral inhibition and activation systems (Gray-Wilson and Eysenck Personality questionnaires) in mediating ERP responses and anticipatory HR deceleration during a word discrimination task (word vs. non-word) including money winning and losing feedback signals. More specifically, we sought to highlight how temperamental traits of Approach, Passive Avoidance, Extinction (Gray-Wilson Personality Questionnaire, GWPQ; Wilson et al., 1990), Extraversion, Neuroticism (Eysenck Personality Questionnaire –Revised, EPQ-R; ysenck et al., 1985), and Impulsiveness (I7, Eysenck et al., 1985), relate to the anticipatory heart rate (HR) deceleration and ERP responses. The magnitude of anticipatory HR slowing and peak amplitudes of ERP components (N200, P300, N400, P650 and N800 wave) as elicited by money winning and losing signals were measured. We found that a P600 wave (i.e., a positive peak of the P300b family) was sensitive to Approach by showing larger P600 waves to winning in high Approach subjects, and larger P600 waves to signals indicating losing in low Approach subjects. This finding was seeing as in line with Gray’s theory.  In contrast, for the N200 wave we detected changes that were in the opposite direction of that predicted by Gray’s theory, since we found a larger N200 wave to winning signals in high Passive Avoidance subjects (a sub-dimension of BIS). Further, in line with Eysenck theory, Neurotic subjects had a larger late negativity wave (N800) to losing, as compared to winning, while Stable subjects did not display differences between feedback signals. In addition, Neurotics had higher anticipatory HR deceleration responses to both winning and losing signals, a finding which is in line with Gray’s theory. Finally, Introverts had higher HR slowing to losing and Extraverts to winning, a finding seen in line with Gray’s prediction. 

Study 2.- The second study investigated the properties of feedback-related negativity (FRN) and P3 component of the event-related potentials (ERPs) to feedback signals indicating monetary loss and monetary gain of an instrumental Go/No-Go learning task. The aims of the study were (1) to highlight ERP components and their neural sources localization as neurocognitive correlates of the behavioural inhibition and behavioural activation systems (BIS/BAS); (2) to test the hypothesized association between BIS/BAS function and anterior cortical asymmetry (Sutton & Davidson, 1997). Learning performance, FRN, and P3 amplitude and latency measures were calculated and related to BIS and BAS measures by using ANOVA and correlation analysis. LORETA method served to display neural sources of FRN and P3 components. A resting EEG-alpha-power (8–13 Hz) asymmetry measure was also calculated (Sutton & Davidson, 1997). Results showed that high levels of Reward Responsiveness (RR), a subtrait measure of BAS scale (Carver & White, 1994), were associated with shorter reaction times (RTs) and enhanced positive feelings. The FRN was larger to signals indicating monetary loss as compared to monetary gain and enhanced with higher BIS and individual learning ability. Higher RR was associated with greater left-sided resting frontal cortical asymmetry. High-RR subjects, as compared to low-RR ones, had smaller P3 amplitudes for Go/loss signals. The P3 latency to No-Go/gain signals was the best positive predictor of RR. LORETA source localization for the FRN component displayed higher brain electrical activity in left-fusiform gyrus and right superior temporal gyrus to monetary loss in comparison to monetary gain after incorrect No-Go responses. For the P3 wave, the monetary loss produced higher activations in the left superior parietal lobule, right postcentral gyrus, and in the anterior cingulate cortex (ACC). These findings have demonstrated that the FRN wave is sensitive to cues of punishment and higher BIS is uniquely related to a larger FRN amplitude on No-Go/loss trials, a finding which is in line with reports linking BIS with conflict monitoring and sensitivity to No-Go cues. Finally, the significant interaction found between BIS and RR on FRN amplitude together with the findings linking High-RR levels with shorter RTs, smaller P3 amplitudes and enhanced positive feelings, are in line with the hypothesis that both BIS and BAS have the potential to influence punishment-mediated and reward-mediated behaviour.

Study 3.  Past research has been unable to address whether the activity in the frontal hemispheres is related to the direction of motivation (approach versus withdrawal) or valence of emotion (positive versus negative). This investigation was an attempt to address this question by using a standardized low-resolution brain electromagnetic tomography (sLORETA) which provides EEG localization measures that are independent of the recording reference. We obtained resting EEG, self-report measures of behavioural activation and inhibition system (BAS and BIS) strength, dispositional optimism and a measure of hedonic tone. We also calculated: (a) alpha asymmetry at conventional scalp sites, (b) anterior and posterior source alpha asymmetries (sLORETA method), (c) posterior versus frontal delta and theta activity. Both alpha asymmetry measures (conventional EEG and sLORETA) yielded significant frontal and parietal asymmetry correlation patterns. Neither measure identified significant associations between resting posterior versus frontal delta and theta activity and personality traits. Higher BAS was uniquely related to greater left-sided activation in the middle frontal gyrus (BA11). Optimism was associated with higher activations in the left-superior frontal gyrus (BA10) and in the right-posterior cingulate cortex (BA31). Since we found that the association of BAS with frontal alpha asymmetry at BA11 did not covariate with hedonic-balance scores, we maintain that the anterior asymmetry, in cortical activity, may more clearly tap dispositional approach motivation rather than affective valence. On this basis, we exclude the influence of affect in the relation of BAS with EEG asymmetry previously reported in literature (see review by Harmon-Jones, 2003).
Study 4.- We sought to examine the association of trait emotionality (BAS measures of personality, trait anxiety, and fear) with startle amplitude to a pulse-alone stimulus (PA) and prepulse inhibition (PPI), as measured by electromyographic (EMG) and auditory evoked potential (AEP) responses at three lead intervals (30, 60, and 120 ms). We expected that (a) higher BAS should relate to smaller startle amplitude and reduced PPI, (b) higher anxiety should be associated with larger startle responses, and weaker PPI. sLORETA neuroimaging method was used to highlight brain electrical sources of N100 and P200 waves, as well as peculiar brain activation patterns of fear, and trait anxiety. We demonstrated that (1) higher BAS was associated with reduced N100 and P200 amplitudes to the PA stimulus, and with reduced current density for the N100 in the parietal lobe (BA40 and BA31). This effect indicated a smaller sensitivity (or a higher avoidance level) of these individuals to startle stimuli. (2) Higher trait anxiety was associated with larger auditory startle response (ASR), suggesting an enhanced sensitivity to intense stimuli and a hasty style of reaction in anxious individuals. (3) Lower self-report fear scores were associated with larger P200 amplitude, and enhanced current density in the medial and superior frontal gyrus (BA6). This effect indicates that prefrontal cortex may play an important role in inhibiting fear responses. The present observations extend previous startle findings observed in clinical samples to normal personality individuals. These results imply that hypotheses derived from clinical data may hold important implications for understanding human emotion and motivation, especially in relation to fear and anxiety.
