
Neuroscience and other research that may be related to sensory 

processing / sensory integration theory. 
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Previous research with both animal and human subjects has shown that 
startle reflex magnitude is potentiated in an aversive stimulus context, 
relative to responses elicited in a neutral or appetitive context. In the present 
experiment, the same pleasant, unpleasant, and neutral picture stimuli were 
repeatedly presented to human subjects. Startle reflex habituation was 
assessed in each stimulus context and was compared with the habituation 
patterns of heart rate, electrodermal, and facial corrugator muscle responses. 
All systems showed initial differentiation among affective picture contents 
and general habituation over trials. The startle reflex alone, however, 
continued to differentiate among pleasant, neutral, and unpleasant pictures 
throughout the presentation series. These results suggest that (a) the startle 
probe reflex is relatively uninfluenced by stimulus novelty, (b) the startle 
modulatory circuit (identified with amygdala-reticular connections in 
animals) varies systematically with affective valence, and (c) the modulatory 
influence is less subject to habituation than is the obligatory startle pathway 
or responses in other somatic and autonomic systems. 
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We studied patterns of psychophysiological (skin conductance, heart rate) 
reactivity to sounds and to situations with varying emotional and alerting 
connotations in child psychiatric outpatients and in healthy controls. 
Children with emotional disorders were particularly reactive to situations 
with aversive components, while conduct disorder subjects showed 
increased reactivity to pleasant situations and decreased responses to neutral 
but high-intensity stimulation and to withdrawal of stimulation in silence 
periods. The results indicate patterns of biological reactivity which may 



underlie different psychiatric disturbances in children. 
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While the reasons underlying musical emotions are unclear, music is 
nevertheless a powerful elicitor of emotion, and as such, may induce 
autonomic nervous system responses. One typical measure of this neural 
pathway is the skin conductance response (SCR). This response generally 
depends upon stimulus arousal, one of the two motivational determinants of 
emotion. The objective of the present study was to verify whether emotional 
reactions to music elicit such event-related autonomic responses. To this aim, 
four musical emotions varying in arousal were employed: fear, happiness, 
sadness and peacefulness. SCRs were found to be greater with the two more 
stimulating emotions, fear and happiness, as compared to the two more 
relaxing emotions, sadness and peacefulness (P<0.05). In addition, subjects' 
ratings of the emotional clarity for each excerpt did not parallel the 
corresponding SCRs magnitudes. The results show that SCRs can be evoked 
and modulated by musical emotional arousal, but are not sensitive to 
emotional clarity. While several studies have been performed with visual 
scenes and environmental sounds, the present study brings similar evidence 
from the musical domain. 
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OBJECTIVE: To determine if individuals with obsessive-compulsive 
disorder (OCD) are characterized by larger eyeblink and/or autonomic 
responses to sudden, loud (startling) tones. METHODS: Twenty participants 
with OCD and 21 mentally healthy control participants were presented with 
15 consecutive 95-db, 500-msec, 1000-Hz tones with 0-msec rise and fall 
times at the same time orbicularis oculi electromyogram (EMG), heart rate 
(HR), and skin conductance (SC) responses were measured. RESULTS: 



Participants with OCD produced larger average HR responses and a slower 
decline in SC responses across the 15-tone presentations. A trend for larger 
than average eyeblink EMG responses in participants with OCD was also 
observed. CONCLUSION: These results provide laboratory support for 
enhanced HR reactivity and a slower decline in SC responses to startling 
stimuli in individuals with OCD. 
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46.  

 

 

This research was aimed at studying the relationship between the 
cardiovascular reactivity to an intense auditory stimulus and the subsequent 
cardiac response evoked by affective visual stimuli in fifty-five subjects who 
underwent a cardiac reactivity task (presentation of an intense acoustic 
stimulus), followed by a picture viewing task (54 pictures selected from the 
International Affective Picture System). Heart rate (HR), electrodermal 
activity and corrugator supercilii electromyographic activity were recorded. 
Subjects were divided into two groups - high accelerators and low 
accelerators - on the basis of the first heart rate acceleration obtained in the 
cardiac reactivity task. Pictures evoked different cardiac response patterns in 
each subject group. Unpleasant pictures promoted a lower initial HR 
deceleration and a higher final acceleration in high accelerators than in low 
accelerators. This pattern of response was more marked with body damage 
pictures. Moreover, a relationship was found between the first acceleration 
promoted by the acoustic stimulus and the HR response waveform to the 
body damage pictures. These results show that, in an unselected sample of 
subjects, a subgroup tended to respond to loud stimuli with higher HR 
acceleration and sympathetic activation and to respond defensively to 
unpleasant pictures (as found by less initial HR deceleration and higher final 
HR acceleration), rather than manifesting an orienting response. The 
elicitation of the defence response by a brain fear system, in which the 
amygdala is a key structure, is also discussed. 
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Emotional accounts of startle modulation predict that startle is facilitated if 
elicited during aversive foreground stimuli. Attentional accounts hold that 
startle is enhanced if startle-eliciting stimulus and foreground stimulus are in 
the same modality. Visual and acoustic foreground stimuli and acoustic 
startle probes were employed in aversive differential conditioning and in a 
stimulus discrimination task. Differential conditioning was evident in 
electrodermal responses and blink latency shortening in both modalities, but 
effects on magnitude facilitation were found only for visual stimuli. In the 
discrimination task, skin conductance responses, blink latency shortening, 
and blink magnitude facilitation were larger during to-be-attended stimuli 
regardless of stimulus modality. The present results support the notion that 
attention and emotion can affect blink startle modulation during foreground 
stimuli. 
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Autonomic nervous system parameters such as electrodermal activity, heart 
rate, and facial EMG have been utilized extensively as measures of 
emotional arousal. One measure that has rarely been employed in this setting 
is gastric myoelectrical activity, despite the fact that "gut feelings" have an 
obvious and even profound role in everyday emotional life. It has been 
shown that the gastrointestinal system changes wall tonus and contraction 
rate during stressful tasks. However, the effects of emotionally salient 
stimuli on gastrointestinal motility have scarcely been studied. In the current 
study, emotional film clips designed to elicit happiness, disgust, fear, 
sadness, or no emotion (neutral) were presented to 16 normal participants. 
Electrogastrogram (EGG), skin conductance, and heart rate were measured 
while the participants viewed the film clips, and participants rated subjective 
arousal intensity and pleasantness of the film clips. We found that emotional 
film clips reliably induced the intended subjective feeling states. Also, EGG 
peak amplitudes in fear, disgust, sadness and happiness were higher than in 
the no emotion condition. There was a strong positive correlation (r=0.64) 
between EGG peak amplitude and subjective ratings of arousal. This is the 



first evidence that gastric myoelectrical activity is strongly correlated with 
arousal ratings to emotionally salient stimuli, and it suggests that EGG may 
add useful information about how the body contributes to the 
phenomenology of emotion and feeling. 
 
 
 
Tieman, J. G., Peacock, L. J., Cureton, K. J., & Dishman, R. K. (2001). 

Acoustic startle eyeblink response after acute exercise. Int J Neurosci, 

106(1-2), 21-33. 

 
The acoustic startle eyeblink response (ASER) is a useful probe for 
investigating central nervous system activity associated with emotional 
responses to aversive and appetitive stimuli. Though the ASER is sensitive 
to change in emotional arousal, the effect of acute physical exertion on 
ASER has not been reported. We examined changes in ASER amplitude and 
latency in 26 healthy young men (24+/-5 yr) after 20 min of cycling at light 
and hard intensities (40% and 75% VO2peak) and after 20 min of quiet rest. 
Mixed model ANCOVA, controlling precondition scores, indicated no 
effects for ASER amplitude or latency in either sedentary or active 
participants (p>.10). Our findings indicate that possible effects of acute 
exercise on potentiated startle or ASER responses elicited by positive or 
negative foreground stimuli should not be expected to be confounded by an 
altered baseline acoustic startle eyeblink response when measured in healthy 
young men. 
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An emotion-modulated acoustic startle paradigm for inducing positive and 
negative affect was used to address pregoal and postgoal affect. Participants 
played a computerized lottery task in which they chose digits that could 
match a subsequently displayed, random set of numbers. In the positive 
conditions, matches led to monetary rewards. In the negative condition, 
matches led to an aversive noise blast. In three experiments, we found 
eyeblink startle magnitude was potentiated just prior to feedback concerning 
reward outcome, suppressed following the feedback that a monetary reward 



was won, and potentiated when threatened with an aversive noise. When 
presented with a 0%, 45%, 90%, or 100% chance of winning, higher 
probabilities suppressed startle response after feedback whereas the 45% 
trials did not. These data indicate that postgoal positive affect (winning 
reward) reliably suppressed the startle response whereas pregoal positive 
affect did not. 
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Although a great deal is known about physiological responding to stress in 
nonhuman animals, and also about individual differences in behavioral 
attunement in humans, physiological attunement between human mothers 
and their children has never been studied. The current study examined 
attunement in adrenocortical response between mother and child in the 
context of the child's exposure to a novel and potentially challenging task. 
Children ranging in age from two to four years of age walked on a balance 
beam for the first time while mothers watched on a monitor from the next 
room. Saliva samples were collected from both mothers and children before 
and 30 minutes following the beam walk. Individual differences in 
behavioral attunement were assessed from a videotaped mother-child 
teaching task, and coded for maternal sensitivity. We expected that mothers 
rated as highly sensitive would show better physiological attunement with 
their children's adrenocortical response to the balance beam walk than less 
sensitive mothers. We did not expect that all children would show a cortisol 
elevation in response to the task. Rather, we were interested in the degree to 
which mothers "matched" children's adrenocortical fluctuations, regardless 
of elevations or decreases in cortisol. Results supported the hypothesis. In 
the highly sensitive group, mothers' and children's adrenocortical responses 
to the child beam walk were significantly correlated, and in the less sensitive 
group the responses were not significantly related. Findings suggest that 
physiological attunement may co-occur with behavioral sensitivity in normal 
mother-child relationships. 
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B., & Siebner, H. (2002). Linking actions and their perceivable 

consequences in the human brain. Neuroimage, 17(1), 364-372.  

Voluntary action is goal-directed and therefore depends on the ability to 
learn associations between movements and their perceivable consequences. 
The neural substrate of this ability was investigated with H2(15O) positron 
emission tomography (PET). Healthy adults first learned that self-initiated 
keypresses were consistently followed by certain tones (i.e., action effects). 
During PET imaging, participants listened to varied ratios of action-effect 
tones and neutral tones without performing any movement. The caudal 
supplementary motor area and the right hippocampus increased their activity 
with the frequency of action-effect tones, suggesting that both cortical areas 
play a role in linking the consequences of an action and the action itself. 
This integration process represents a highly flexible mechanism that helps to 
promote the learning, automatization, and control of voluntary 
 
 
 
Vogt, S., Buccino, G., Wohlschläger, A. M., Canessa, N., Shah, N.J., 

Zilles, K., Eickhoff, S. B., Freund, H. J., Rizzolatti, G., Fink, G. R. 

(2007). Prefrontal involvement in imitation learning of hand actions: 

Effects of practice and expertise. Neuroimage.  *** 

In this event-related fMRI study, we demonstrate the effects of a single 
session of practising configural hand actions (guitar chords) on cortical 
activations during observation, motor preparation and imitative execution. 
During the observation of non-practised actions, the mirror neuron system 
(MNS), consisting of inferior parietal and ventral premotor areas, was more 
strongly activated than for the practised actions. This finding indicates a 
strong role of the MNS in the early stages of imitation learning. In addition, 
the left dorsolateral prefrontal cortex (DLPFC) was selectively involved 
during observation and motor preparation of the non-practised chords. This 
finding confirms Buccino et al.'s [Buccino, G., Vogt, S., Ritzl, A., Fink, 
G.R., Zilles, K., Freund, H.-J., Rizzolatti, G., 2004a. Neural circuits 
underlying imitation learning of hand actions: an event-related fMRI study. 
Neuron 42, 323-334] model of imitation learning: for actions that are not yet 
part of the observer's motor repertoire, DLPFC engages in operations of 
selection and combination of existing, elementary representations in the 
MNS. The pattern of prefrontal activations further supports Shallice's 



[Shallice, T., 2004. The fractionation of supervisory control. In: Gazzaniga, 
M.S. (Ed.), The Cognitive Neurosciences, Third edition. MIT Press, 
Cambridge, MA, pp. 943-956] proposal of a dominant role of the left 
DLPFC in modulating lower level systems and of a dominant role of the 
right DLPFC in monitoring operations. 
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Internal models are neural mechanisms that can mimic the input-output 
properties of controlled objects. Our studies have shown that: 1) an internal 
model for a novel tool is acquired in the cerebellum (Imamizu et al., 2000); 
2) internal models are modularly organized in the cerebellum (Imamizu et al., 
2003); 3) their outputs are sent to the premotor regions after learning 
(Tamada et al., 1999); and 4) the prefrontal and parietal regions contribute to 
the blending of the outputs (Imamizu et al., 2004). Here, we investigated 
changes in global neural networks resulting from the acquisition of a new 
internal model. Human subjects manipulated three types of rotating joystick 
whose cursor appeared at a position rotated 60 degrees, 110 degrees, or 160 
degrees around the screen's center. In a pre-test after long-term training (5 
days) for the 60 degrees and 160 degrees joysticks, brain activation was 
scanned during manipulation of the three joysticks. The subjects were then 
trained for the 110 degrees for only 25 min. In a post-test, activation was 
scanned using the same method as the pre-test. Comparisons of the post-test 
to the pre-test revealed that the volume of activation decreased in most of the 
regions where activation for the three rotations was observed. However, 
there was an increase in volume at a marginally significant level (p < .08) 
only in the inferior-lateral cerebellum and only for the 110 degrees joystick. 
In the cerebral cortex, activation related to 110 degrees decreased in the 
prefrontal and parietal regions but increased in the premotor and 
supplementary motor area (SMA) regions. These results can be explained by 
a model in which outputs of the 60 degrees and 160 degrees internal models 
are blended by prefrontal and parietal regions to cope with the novel 110 
degrees joystick before the 25-minute training; after the acquisition within 
the cerebellum of an internal model for the 110 degrees, output is directly 
sent to the premotor and SMA regions, and activation in these regions 
increases. 
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Evidence indicates that voluntary and involuntary movements are altered by 
affective context as well as the characteristics of an initiating cue. The 
purpose of this study was to determine the contribution of central and 
peripheral mechanisms to this phenomenon. During the presentation of 
pleasant, unpleasant, neutral, and blank images, participants (N = 33) 
responded to auditory stimuli (startle, 107 dB startle or 80 dB tone) by 
initiating a bimanual isometric contraction of the wrist and finger extensor 
muscles. Analyses of electromyography and force measures supported the 
hypothesis that exposure to unpleasant images accelerates central processing 
times and increases the gradient of slope of peripheral movement execution. 
In addition, startle cues as compared with tone cues accelerated and 
magnified all temporal and amplitude indices. Collectively, these findings 
have noteworthy implications for (a) those seeking to facilitate the speed and 
force of voluntary movement (i.e., movement rehabilitation), (b) 
understanding the higher incidence of motor difficulty in individuals with 
affective disorders, and (c) those seeking to regulate emotional input so as to 
optimize the quality of intended movements. 
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 Some adults and children exhibit defensive behaviors to tactile or auditory 
stimulation. These symptoms occur not only in subsets of children with 
ADHD, autism, and Fragile X syndrome, but also in the apparent absence of 
accompanying disorders. Relatively little research explores the correlates 
and antecedents of sensory defensiveness. Using a population-based sample 
of 1,394 toddler-aged twins, mothers reported on tactile and auditory 
defensiveness, temperament, and behavior problems. The incidence of 
defensive symptoms was widely distributed, with some accumulation of 
cases in the extreme range. Girls were overrepresented in the extreme tactile 



defensiveness group. Both auditory and tactile defensiveness were modestly 
associated with fearful temperament and anxiety, but they were relatively 
distinct from other common dimensions of childhood behavioral 
dysfunction. Twin correlations for the full range of scores and concordance 
rates for the extremes suggested moderate genetic influences, with some 
indication that the tactile domain might be more heritable than the auditory 
domain. 

 

 

Cirulli, F., Berry, A., & Alleva, E. (2003). Early Disruption of the 

mother-infant relationship: effects on brain plasticity and implications 
for psychopathology.Neuroscience and Biobehavioral Reviews, 27, 73-82.  

This review paper examines the hypothesis that early environmental changes 
in the infant-mother relationship may lead to greater vulnerability to age 
related changes in brain function and also psychopathology. The paper 
reviews 95 different studies (primarily of non-human mammals) that support 
the following: First, that mothers regulate infant states and arousal levels and 
that maternal stimulation (including primarily tactile stimulation) affects the 
infant’s developing brain. Second, that interruptions of the mother-infant 
relationship via separations or laboratory manipulations can cause long term 
effects in the endocrine system in particular (changes in receptors and 
neurons involved in the stress response). In addition, these manipulations 
can affect brain plasticity via changes in long term potentiation, 
neurotransmitter activity and hypothalamic-pituitary-adrenal responses. 
Third, there is evidence to suggest that environmental stimulation can 
compensate in some part for early adversity. Fourth, that changes and 
manipulations of mother-infant relationships alter the mother’s behavior as 
well. Fifth, that neurotrophins are crucial for brain development and 
plasticity, and that external stimuli can affect neurotrophin levels. Sixth, that 
manipulation of mother-infant relationships, in particular maternal –infant 
separations, can affect neurotrophins. Lastly, that early experiences in the 
maternal-infant relationship can therefore have long term effects on the brain 
through changes in neural plasticity.  
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Changes with Age. Journal of  Neural Transmission, 112, 3-27.  

This paper provides a lengthy review of decades of research that examines 
the now well established fact that the brain is plastic and can change 
throughout our lifespan. The stimuli that lead to plasticity include lesions, 
physiological changes, environmental needs or challenges and experience. 
This paper suggests that neural plasticity is really synaptic plasticity and that 
learning, memory, and responses to our physiological needs all occur via 
synaptic and neural plasticity. These functions change with age however. In 
early life there is developmental synaptogenisis which slows to a level of 
synaptic renewal or maintenance in adults. The stimulus for this synaptic 
renewal in mammals is typical stimuli that induces learning or requires 
memory. It is suggested that this occurs via long term potentiation. Long 
term potentiation is related to a process described by Hebb whereby a 
synapse that is repeatedly used is reinforced, needing less intensity of 
stimulation to fire in the future or firing with greater intensity to the same 
stimulus. An opposite phenomenon has also been observed. Long term 
depression occurs when a synapse is stimulated over prolonged periods. This 
reverses long term potentiation. Research has also shown that LTP is related 
to changes in dendritic spine formation and also to age related deficits in 
memory, particularly in the hippocampus. There are also age related changes 
in axon spouting and in nerve growth factors.  
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temperamentally  different human infants. Developmental 

Psychobiology, 32, 113-20.  

Researchers examined the startle responses of infants in relation to their 
temperament styles. They theorize that fear responses to novel stimuli may 
be related to a low threshold for arousal in the amygdala and central nucleus 
of the forebrain. These early fear responses have been shown to be related to 
behavioral inhibition in toddler-hood. Previous research has suggested that it 
is the connections between the limbic system and the frontal cortex that 
regulate the negative behaviors and avoidance common in inhibited children. 
This study examined a group of 73 infants at 9 months of age who were 
chosen out of 243 for their reactions to novel auditory and visual stimuli at 4 
months of age. Their startle eye blink responses were recorded via EMG 



under two conditions, one baseline and one novel and potentially fear 
producing. The researchers predicted that infants who at 4 months had a high 
frequency of negative affect to novel stimuli would have a greater startle 
response at 9 months of age. What they found was that although both groups 
of infants were equal at the baseline condition in terms of their startle 
responses, in the group of infants who showed negative affect at 4 months, 
there was a greater increase in startle between the baseline condition and the 
novel condition. The researchers suggest that there are biological 
predispositions for reactions to novelty and that some children may be 
predisposed to fear and anxiety responses.  

SIGN note : Are these predisposed children the ones with sensory 

defensiveness????  

 

Piek, J.P., Dyck, M.J., Nieman, A., Anderson, M., Hay, D., Smith, L.M., 

McCoy, M., &  Hallmayer, J. (2004). The relationship between motor 

coordination, executive  functioning and attention in school aged 

children. Archives of Clinical  Neuropsychology, 19, 1063-1076.  

This paper explores relationships between the diagnoses of developmental 
coordination disorder (DCD), attention deficit disorder (ADHD) and abilities 
in executive functioning (EF). Two groups of children completed EF tasks 
that typically distinguish children with and without ADHD. The first group 
had typical motor coordination and the 2 nd group had DCD. The authors 
predicted a relationship between coordination, attention and executive 
function. The sample included 238 children in Australia with a mean age of 
10.58 years. They all had a verbal IQ above 80 and the mean IQ score was 
102. Of this sample, 28 of the children met the criteria for DCD. The results 
demonstrated a weak link between attention and executive functioning tasks 
and also between motor coordination and executive functioning tasks. 
Strong associations were found between attention and motor coordination. 
The authors therefore suggest that previous research showing a relationship 
between DCD and EF may have been because of co morbid ADHD.  

   

 

 



Bernabei, P., Fenton, G., Fabrizi, A., Camaoioni, L., & Perucchini, P. 

(2003). Profiles of sensorimotor development in children with autism 
and with developmental delay. Perceptual & Motor Skills, 96, 1107-1116.  

Pre-school aged developmentally delayed children with(n=46) and without 
(n= 45) autism were compared on the Uzgiris-Hunt Scales which examine 
abilities such as object permanence, means-ends relations, imitation, 
causality, spatial relations and schemes of relating to objects. The children 
with developmental delays but no autism showed a fairly homogenous 
performance on the tool, with high correlations among the scale scores. They 
appeared to be evenly delayed in all areas. The children with autism on the 
other hand showed more uneven performance with specific difficulties in the 
imitation items, both verbal and gestural, and also with schemes for relating 
to objects.  

SIGN note : imitation difficulties may indicate dyspraxia in this population. 

It has been hypothesized that dyspraxia may be at the route of some of the 

difficulties experienced by children with autism.  
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Atypical responses to sensory stimulation are frequently reported to co-occur 
with diagnoses such as autism, ADHD, and Fragile-X syndrome. It has also 
been suggested that children and adults may present with atypical sensory 
responses while failing to meet the criteria for other medical or 
psychological diagnoses. This may be particularly true for individuals with 
over-responsivity to sensation. This article reviews the literature related to 
sensory over-responsivity and presents three pediatric cases that present a 
profile of having sensory over-responsivity without a co-occurring diagnosis. 
Findings from these cases provide very preliminary evidence to support the 
suggestion that sensory over-responsivity can occur as a sole diagnosis. 
Within this small group, tactile over-responsivity was the most common and 
pervasive form of this condition. 
 
 


