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SUMMARY
The purpose of this study was to determine the part played by
each hemisphere in a novelty detection task and the role of sex in 
cerebral asymmetries. Letter and line pairs were presented to the left 
or to the right visual field and the Subjects were instructed to report 
if the incoming stimulus had been a new one. Performance was scored 
recording to nonparametric estimates of sensitivity and criterion.
The main results were : a) a clear-cut dissociation between the
two measures; b) a greater sensitivity for the right visual field 
presentation, irrespective of the type of material and c) different 
effects on detection and response bias for men and for women. The 
importance of these findings with respect to  lateralization and 
information processing is discussed.



The aim o f this work was to see how the two hemispheres perform
a novelty task, that is the detection of changes in a sequence of 
neutral stimuli. Novelty detection is an important factor in the every 
life of human beings. However, little is known about the mechanisms of 
the brain that allow us to detect novel stimuli, particularly when 
cognitive change is involved.
Researches on the topic of sustained attention or vigilance
(Jerison, 1977) have shown that the readiness of a subject to detect and 
respond to a signal declines over time (Buckner and McGrath, Mackworth, 
1970). Several hypotheses have been proposed to explain the nature of 
this decrement (see reviews in Mackworth, 1969, 1970)  but none of these 
seem to account for all the data now available, particularly neural 
ones. One of these hypotheses suggests that the decline is at least in 
part caused by a lower activation, due to the monotony of the stimulus 
conditions. As suggested by Jane Mackworth (1969; 1970)
the repeated presentation of the same or very similar stimuli, as in 
vigilance task, determines an habituation OF neural responses, which may 
result in fewer events, either signals or nonsignals, reaching the 
subject's criterion for responding. If Mackworth's hypothesis is true 
the initial repeated presentation of a stimulus and therefore the 
habituation to it, could accelerate the performance decrement or to 
lower the performance efficiency. Some support of this hypothesis comes 
from the work by Siddle (1972)) in which subjects with fast habituation 
showed a greater rate of vigilance decrement.
A considerable number of experiments have compared the relative
accuracies o f the left and right visual fields in identifying and 
recognizing verbal and nonverbal material (see reviews in Krashen, 1976; 
Springer, 1977)  but few studies have been concerned with stimulus 
detection or vigilance performance of each hemisphere. In a series of
works Dimond and Beaumont (1971, 1973, 1974) postulated the existence of 
two different vigilance systems: a high level system with a rapid 
decrement, a function of the left hemisphere, and a low steady level 
system, a function of the right hemisphere. Lately, it has been proposed 
that the selective attention might be a left brain function and 
sustained attention, or vigilance, a right brain function (Jerison, 
1977).
In a resent work Warm, Sehumsky and Hawley (1976) have shown
that, with acoustic signals, the left hemisphere performance was better 
a t  a low signal density, while the right hemisphere was superior at a 
high signal density. Despite a decline over time was found, this effect 
was the same for the two hemispheres. In a previous study (Salmaso, 
Denes, De Stavola, 1976) with a very high signal density, we found that 
the relative specialization of each hemisphere affects also the 
performance of an attention task. In that work the sensitivity was 
greater for the left hemisphere in a verbal attention task and for the 
right with nonverbal material. The present study was devoted to
see whether a very slow signal density and a fast event rate were able 
to show the predicted left hemisphere superiority, irrespective of the 
type of stimulus presented. Since many data are today available. that 
show different asymmetries for men and for women, the sex of subject was 
also studied.



METHOD
Subjects
Subjects for this experiment were 16 students, 8 men and women, at the 
University of Padova, ranging in age from 19 to 25 yr. All were right-
handed as measured by the Edinburgh Handedness Inventory (Oldfield, 
1971) with right eye preference. All had normal or corrected visual 
acuity.

Stimuli
The stimuli, similar to those used in a previous experiment
(Salmaso, Denes, De Stavola,1976) consisted of pairs of letters and 
pairs of lines, vertically arranged in order to prevent scanning effects 
(Bryden, 1966). Figure 1 shows the material here used.

FIGURE 1: LETTER AND LINE PAIRS USED IN THE PRESENT EXPERIMENT

One of these pairs, for the letters and for the lines, was used
as nonsignal stimulus, or habituating stimulus, and all the others as 
signals. The stimuli were back-projected onto a translucent screen by 
Kodak Carousal slide projector equipped with a photographic shutter. 
When projected, the size of every pair was about 1 x O.5 degrees, and 
they appeared 9 degrees to the left and to the right and on a level with 
a central fixation point.

Procedure
Subjects were divided in two groups (4 men and 4 women for each
group): the first received only letter pairs and the second only  line 
pairs. Two different sequences of 160 pairs were presented to every 
subject, one to the left visual field and the other to the right. In 
every sequence, subdivided in two equal periods. 32 stimuli were 
signals, for which an overt response was required, and the remainders 



were repeated presentations of the same pair. In order to habituate the 
subject, the first fifteen slides of every period were a repeated 
presentation of the habituating stimulus. In the sequence, the position 
of novel stimuli, or signals, was random and the probability that a 
stimulus presented was in fact a new one was 0.2 To make the test more 
sensitive to possible differences between the two hemispheres a fast 
event rate (1 stimulus every 2 seconds) and a very short time of 
presentation (10 msec) were used (see review in Loeb and Alluisi, 1977). 
Furthermore the stimuli were projected only to temporal hemiretinas, 
which seem to be less efficient than nasal hemiretinas (Harcum,1978). In 
this way stimuli presented to the left visual field were directed to the 
right hemisphere only by the right temporal hemiretina. Subjects were 
seated in front of the screen with the head positioned by a head and 
chin rest at a distance of 50 cm..They were instructed to fixate the 
central fixation point and, when the stimulus appeared, to press a key 
with their right index finger only when sure to have seen a new stimulus 
and not to press to the habituating one. Before starting, a practice 
black of 15 trials was given. Half of the subjects began with the left 
visual field  presentation and the other with the right one.

Scoring

The total number of responses given by the subject in the first
or in the second period, is divided in two parts: hits (H) and false 
Positives (FP) or commission errors: hits refer to the number of novel 
stimuli correctly identified and false positives to the number of 
habituating not identified stimuli. As a measure of sensitivity an 
estimate of the area under the ROC curve was used, i.e. P(A_) measure 
(McNichol,1972) and as a measure of bias, the false positive rate (FPR) 
(Richardson, 1972). Simple HRs were also analyzed.

RESULT
Three four-factor analyses of variance with two factors between
(sex and material) and two within (field and period) were made.

Hit rates
In terms of correct detections there was a significant difference 
between visual fields (F(1, 12)=18.603, P<.005) with a greater accuracy 
for the right visual field than the left (0.855 vs 0.717). Moreover, the 
significant interaction SEX x VISUAL FIELD, shows that this difference 
depends to the sex (F(1,12)=5.052, P<.O5): the difference between visual 
fields for men is larger than for women (0.211 vs 0.066).

For P(A_) measure there is only a significant difference for
visual field (F(1,12)=6,716, P<.025) showing a greater sensitivity for 
the right than for the left (0.923 vs 0.868)

FPR
In the analysis of false positive rates two main factors are
significant : the type of material (F(1,12)=12.857, P<.005) with
greater false positive rate for lines than for letters (0.162 vs 0.028) 
and the period (F(1,12)=19.201, P <.OO1) with a larger false positive 
rate in the second period (0.081 vs 0.108). The interaction SEX by 
MATERIAL by PERIOD is also significant (F(1,12)=7.935, P<. 025). As one 



can see in Table 1 the greater difference between the first and the 
second period is for men in the line task.

Table 1: FPR means for the interaction sex-material-period
1st period 2nd period

LETTERS
MALES 0,033 0,045

FEMALES 0,016 0,018
LINES

MALES 0,186 0,273
FEMALES 0,090 0,096

F(1,12)=7.935, P<.025

DISCUSSION

Hits and sensitivity

Correct detections and, sensitivity measures show the presence of a 
clear superiority of the left hemisphere as regards its capability to 
detect and report, by a manual response, the presence of a novel-
stimulus. This effect is also independent of the nature of the stimulus 
presented. Therefore, the results seem to agree. with the hypothesis of 
two different systems in the brain. A superiority of the left hemisphere 
for signal detection was also found by Dimond and Beaumont (1973) and by 
Warm et al (1976) with a low signal density. The difference with my 
previous work (Salmaso, Denes, De Stavola, 1976)  where a different 
sensitivity was found for the two hemispheres according to the type of 
material, seems caused only by the signal probability. Many attention 
experiments (see review in Loeb and Alluisi, 1977) have shown that the 
performance is enhanced with higher signal densities. So, what we can 
suggest is that with higher signal probabilities the typical relative 
superiority of each hemisphere may be shown, while with a lower signal 
density two different attention mechanisms may be at work. Support to 
this comes from two recent works, in which sensitivity has been found 
large for the left hemisphere in a letter identification task 
(Robertshaw and Sheldon, 1976) and for the right in a spatial task or in 
color discrimination (Robertshaw and Sheldon, 1976; Davidoff, 1976).
A significant interaction sex by field is also found. The difference 
between the two hemispheres is greater for men than for Women and 
although a significant effect for sex was not proved, females see more 
accurate than males. The present result does not agree with those found 
by Kimura (19691, who failed to show sex differences in a spatial 
localization task, nor with those of Bryden (1976), who found male 
superiority in accuracy of localization. According to other 
investigators (Bryden, 1966i Lake and Bryden, 1976; Levy and Reid, 1976; 
Ray et al, 1976; Davidoff, 1977), this experiment does not give evidence 
of a minor specialization of females, but, on the contrary, suggests a 
different hemispheric organization as a function of sex.
The lack of a significant effect for period and for interaction field by 
period fails to show any possible difference, between the two 
hemispheres over time as suggested by previous works (Dimond and 
Beaumont, 1971; 1973; 1974; Dimond, 1977). In this experiment the period 



is very short and perhaps the decrease in performance of the left 
hemisphere could be shown' by a longer one. However,we must remember 
that other works have efficiently used,short tasks (Singleton, 1953; 
Thompson,Opton and Cohen, 1963; Davies, 19681 Harkins et al, 1974) and 
that a decline in sensitivity is not very likely across a set of 
experiment (Swets, 1977). Another hypothesis may be also advanced. The 
tasks where a cognitive process is involved (Davies and Tune, 1970) or 
sufficiently interesting (Montague et al, 1965) may not show a decline 
with time.
The task here used can fit into this class, especially for two 
reason:first, the greater complexity of the material used with respect 
to that of other authors (Dimond and Beaumont, 1971; 1973; Warm et al, 
1976), and second, the fact that the signal is made of novel stimuli. As 
shown by Neisser and Lazar (1964) subjects find more quickly a 
prespecified target than a plurality of targets. Since the brain is 
constructed to pay greatest attention to new stimuli, not identified and 
potentially dangerous, it is therefore possible to hypothesize that the 
novelty detection does not cause a time decrease.

Response bias
As suggested b y Richardson (1972), the false positive rates may
be taken as a measure of response bias or criterion. For this parameter 
no differences between the two hemispheres were found, although  other 
significant effect were shown.
The two materials cause a very different number of false positive rates. 
Greater FPRs are shown with lines than with letters (about 6:1). This 
difference does not seem due to the greater detection complexity o f the 
lines, since, for hits and sensitivity, a similar difference was not 
proved. The results seem rather to confirm the independence of the two 
measures. Support to this comes also from the significant 
"period”factor: a greater number o f FPR.  and then a lower decisional 
criterion, is adopted in the second period. The significant interaction 
sex by period by material shows that this effect is mainly due to the 
men in the line task. These data do not agree with those reported by 
other authors (Mackworth, 1969; 1970; McGrath, 5963i Swets, 1979; 1977)) 
which have shown a decrease in the FPRs and then a stricter decision 
criterion as the task goes on. But in other studies (Binford and Loebt 
1963; Howland and Wiener, 1963; Tune, 19661 Dornic, 1967) a progressive 
increase o f the FP was also recorded. 
According to Dornic (Dornic, 1967) this effect may be due to a decrease 
in the trace strength of the signal, which makes more likely that a 
nonsignal could be misclassified as a signal. If we accept, as suggested 
by Mcgrath (1963), the assumption that the FPS are an index of learning 
of the requested discrimination. one can say that a progressive decline 
occurred. In fact, since at the beginning of the second period there was 
a rehabituation of the subject to nonsignal stimulus, one can 
hypothesize that, especially in the second part, an increase of internal 
noise may appear for the habituation (Mackworth, 1969). 
This increase affects the accuracy o f the comparison process, allowing 
only a rough comparison between the habituating and the incoming 
stimulus. However, if this rough comparison is sufficient when a new 
stimulus is presented, due to its very dissimilarity, it .is not so for 
the habituating one, and .a wrong answer will then be given more easily 
(Krueger, 1978). According to this hypothesis the difference between the 
materials in the FPRs may be due to the greater similarity  among them, 
o f the line pairs (as compared with letter pairs). Therefore, one can 



state that the accuracy of the comparison process depends on the level 
of the internal noise and on the difference between signal and nonsignal 
events.

Finally, in this experiment , the FPRs are  due mainly to the men and 
this disagrees with Dryden's results (Bryden, 1976), where. the contrary 
it has been proved. The findings of sex differences on this topic
are very little and inconsistent. As suggested by Swets (1973) the women
can be more conservative than the men, that is they can adopt a more
stringent criterion to decide if a signal has been presented.

CONCLUSIONS
The findings of the present experiment show a clear cut dissociation 
between sensitivity and criterion: in fact, while the former was 
lateralizated, the latter was not. Both hemispheres efficiently process 
the habituating stimuli, but in the identification of a novel stimulus 
the left hemisphere is more accurate than the right. 
What are the reasons of this distinction? The human brain is 
constructed in such a way that to allow maximum sensitivity and 
responsiveness (Mackworth, 1949) to the new stimuli and not to respond 
to repetitive event (Sokolov, 1943). According to Broadbent (1975) one 
can suppose that the former function is mainly sustained by the left 
hemisphere with a categorization, of the changes occurring in the 
stimuli.
Support to this comes from information processing studies (see review in 
Krueger, 1978), where a faster "same" judgment than a "different" is 
generally reported. In this task, as for "same-different" responses, two 
different processes seem to account for these findings : one which 
compares the incoming stimulus to the habituating one, perhaps by 
template matching, and another which, although no apparently necessary 
for the response, rechecks the incoming stimulus to determine not only
"where" the difference lies (Tversky, 1969)  but also "what" it is.



References

Binford, J. R . I Loeb, M. Monitoring readily detected auditory 
signals and detection of obscure visual signals. Perceptual 
and Motor Skills, 1943, 17, 735-746.

Broadbent, D.E. Division of function and integration of behavior 
In B. Milner (Ed), Hemispheric specialization and interaction. 
Cambridge, Massachusetts: The MIT Press, 1975.

Bryden, M.P. Left-right differences in a letter classification 
task. Perception &  Psychophysics, 1966, 11, 133-142

Bryden, M.P. Response bias and hemispheric differences in dot 
localization. Perception and Psychophysics, 1976. 19, 23-28

Buckner, D. N. I McGrath, J. J. Vigilance: a symposium. New 
York: McGraw-Hill, 1963.

Davidoff, J. Hemispheric sensitivity differences in the 
perception of color. Quarterly Journal of Experimental 
Psychology, 1976, 28, 387-394.

Davidoff, J. Hemispheric differences in dot detection. Cortex, 
1977, 13, 434-444.

Davies, D.R. Age differences in paced tasks. In G.A.Ta1land 
(Ed), Human aging and behavior: recent advances in research 
and theory. New York: Academic Press, 1968.

Davies, D.R., Tune, G.S. Human Vigilance performance. London: 
Staples Press, 1970.

Dimond S.J. Vigilance and split-brain research. In R.R. Mackie 
(Ed), Vigilance. Nato Conference Series - Plenum Press, 1977, 
Pp.341-359.

Dimond, S.J. , Beaumont, J.G. Hemisphere function and vigilance. 
Quarterly Journal of Experimental Psychology, 1971, 23. 443-
448

Dimond, S.J., Beaumont, J.G. Difference in the vigilance 
perforrnance of the right and left hemisphere. Cortex, 1973, 
9, 259-265.

Dimond S.J., Beaumont, J.G. Experimental studies of hemisphere 
function in the human brain. In S.J. Dimond and J.G. Beaumont 
(Eds), Hemisphere function in the human brain. London: Elek 
Science, 1974.

Dornic, S . Expectancy of signals and memory trace. Studia 
Psychologica 1967, 9, 87-91.

Harcum, E.R. Lateral dominance as a determinant of temporal 
order of responding. In M. Kinsbourne (Ed), Asymmetrical 
function of the brain. New York: Cambridge University Press, 
1978, Pp. 141-268.

Harkins. S.W.,  Nowlin, J.B.. Ramm. D, Schroeder,S. Effects of 
age, sex and time on watch on a brief continuous performance 



task. In E. Palmore (Ed), Normal aging. Durham, N. C. Duke 
University Press, 1974.

Howland, D., Wienert E. L. The system monitor. In D.N. Buckner 
and J.J. McCrath (Eds), Vigilance: a Symposium. New York: 
McGraw Hill, 1963

Jerison H.J. Vigilance: biology, psychology, theory and 
practice. In R.R. Mackie (Ed), Vigilance. Nato Conference 
Series, Plenum Press, 1977, Pp. 27-40.

Kimura. D. Spatial localization in left and right visual fields. 
Canadian Journal of Psychology, 1969, 23, 445-458.

Krashen, S.D. Cerebral asymmetry. In H.Whitaker and H.A. 
Whitaker (Eds) , Studies in neurolinguistics (vol 2). New 
York: Academic Press, 1976.

Krueger, L. E. A theory of perceptual matching. Psychological 
Review, 1978, 85, 278-304

Lake, D., Bryden, M.P.  Handedness and sex differences in 
hemispheric asymmetry. Brain and Language, 1976, 3, 266-282.

Levy, J., Reid, M. Variations in writing posture and cerebral 
organization. Science, 1976, 194, 337-339.

Loeb, M. and Alluisi E.A. An update of findings regarding 
vigilance and a reconsideration of underlying mechanisms. In 
R.R. Mackie (Ed), Vigilance. Nato Conference Series. Plenum 
Press, 1977, Pp. 719-749.

Mackworth, J.F. Vigilance and habituation. Harmondsworth, 
Penguin Books, 1969.

Mackworth, J. F. Vigilance and Attention. Harmondsworth. Penguin 
Books, 1970.

McGrath, J.J. Some  problems of definition and criteria in the 
study of vigilance performance. In D. N. Buckner and J. J. 
McGrath (Vigilance: a symposium. New York: McGraw-Hill, 1963.

McNichol, D. A  primer of signal detection theory. London: 
George Allen and Unwin, 1972.

Montague, W. E.,  Webber, C.E.,  Adams, J.A. The effects of 
signal rate and response complexity on 18 hours of visual 
monitoring. Human Factors, 1965, 7, 163-172.

Neisser, U., Lazar, R. Searching for novel targets. Perceptual 
and Motor Skills. 1964,19,427-432.

Oldfield; R.C. The assessment and analysis of handedness: the 
Edinburgh-Inventory. Neuropsychologia, 1971, 9, 97-113.

Ray, W . J. Morell, M. Frediani A.V. Sex differences and lateral 
specialization of hemisphere functioning. Neuropsychologia, 
1976, 14, 381-394.

Richardson, J.T.E. Nonparametric indexes of sensitivity and 
response bias. Psychological Bulletin, 1972, 78, 429-432.



Robertshaw, S., Sheldon, M. Laterality effects in Judgment of 
identity and position of letters: a signal detection analysis. 
Quarterly Journal of Experimental Psychology, 1976, 28, 115-
121.

Salmaso, D. Denes, G., De Stavola, G. Interhemispheric 
difference in attention to novelty. Italian Journal of 
Psychology, 1976, 3, 273-283.

Singleton, W. T. Deterioration of performance on a short-term 
perceptual motor task. In W.F. Floyd and A.J. Welford (Eds), 
Symposium on fatigue. London: H.K. Lewis,1953.

Sokolov,Y.N. Perception and the conditioned reflex. Oxford: 
Pergamom Press,1963.

Springer, S.P. Tachistoscopic and dichotic listening 
investigation of laterality in normal human subjects. In S. 
Harnad, R.W. Doty, L. Goldstein, J.Jaynes and G.Krauthamer 
(Eds) Lateralization in the nervous system. New York: Academic 
Press, 1977.

Swets, J.A. The relative operating characteristic in psychology. 
Science, 1973, 182, 990-1000.

Swets, J.A. Signal detection theory applied to vigilance. In R. 
Mackie (Ed), Vigilance, Nato Conference Series. Plenum Press 
1977, Pp. 705-718.

Thompson, L. W., Opton, E.J.Jr, Cohen, L.D. Effects of age 
presentation speed and sensory modality on performance of a 
vigilance task. Journal Gerontology, 1963, 18, 366-369.

Tune, Q.S. Age differences in error of commission. British 
Journal of Psychology, 1966, 57,391-392.

Tversky, B. Pictorial and verbal encoding in a short-term memory 
task. Perception & Psychophysics, 1969, 6, 225-233.

Warm, J.S., Schumsky, D.A.,  Hawley, D.K. Ear asymmetry and 
temporal uncertainty of signals in sustained attention. 
Bulletin of the Psychonomic Society, 1976, 7, 413-416.


