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A phase transition in infants’ ability to disengage visual attention

Abstract

The development of the ability to disengage gaze was followed in 16 infants. Two
phases were identified: infrequent disengagement and frequent, flexible disengage-
ment. All infants moved rapidly from the first to the second phase. The infants dif-
fered in the age at which the shift began, and in its smoothness. We were unable to
conclude definitively that the shift between the two phases was a noncyclic, discon-
tinuous phase transition. There was clear evidence for anomalous variance and tenta-
tive evidence for bimodality and inaccessibility. However, whether the rapid change
in behaviour was an example of a sudden jump rather than rapid growth was not
clear. An experimental investigation to determine if hysteresis is present is recom-
mended.

Introduction

The human visual system is relatively well developed at the time of birth and contin-
ues to develop rapidly in the first several months of life. Young infants are able to
explore visually, with some degree of efficiency, objects in their environment that
they cannot touch or manipulate. At the same stage, caretakers use infants’ relatively
well organised looking behaviour as an index of their attention or interest, and adapt
their behaviour accordingly. For a short but crucial period of development, looking
behaviour is both a primary way of acquiring information and an important means of
communication.

There have been many investigations of early visual development (See Banks &
Salapatek, 1983, for a review). A steady increase in the size of the peripheral visual
field during the first 12 months, and the emergence of the ability to accommodate,
processes which bring distant objects within visual >reach’, have both been docu-
mented. A steady increase in acuity, enabling the perception of detail, and increases
in both the speed and the accuracy of eye movements have also been found.

The processes just mentioned, however, are all aspects of the sensory processing
activities of the visual system. Research with adults has provided convincing evi-
dence for the existence of covert visual attention systems, anatomically distinct from
the visual system, with the function of modulating its activity (Posner, 1988; Klein,
1979). Such systems are involved not in sensory processing, but rather in its modu-

P. R. Butcher and A. F. Kalverboer 81



lation to meet the specific demands of the task at hand. Covert attention systems have
been shown, for example, selectively to enhance the processing of stimulus features,
or locations that are particularly relevant for the task at hand (Corbetta, Miezin, Dob-
meyer, Shulman & Petersen, 1990; Posner, 1988).

Covert attention systems have only recently been identified in adults, and there
have been few investigations of their functioning in young infants. However, it is
likely that the development of such >strategic’ systems will have as great an impact
on the quality of infant looking behaviour as increases in acuity, or the emergence of
the ability to accommodate. We have seen that looking behaviour plays a crucial role
in information acquisition and communication in early life. The emergence of the
attentional mechanisms which regulate looking behaviour is therefore likely to have
a profound impact on the quality of development. Factors that may delay or impede
their emergence, for example, the brain damage often associated with a premature
birth, may have a negative impact on the quality of early development in general.

The goal of our investigation was to describe the course of development of covert
visual attentional mechanisms in healthy infants, as the first step towards a compari-
son of the development of such mechanisms in healthy infants and those at risk for
later attentional problems. We focussed on the development of the posterior attention
system (PAS), perhaps the most simple of the covert visual attention systems, and the
subject of intensive investigation in adults during the last 15 years. The PAS is
involved in shifts in the focus of covert visual attention, which moves rapidly around
the visual field, two or three times within a single visual fixation. Such shifts are
thought to play an important role in determining the focus of visual fixations, and to
be a precondition for a shift in gaze (Saarinen & Julesz, 1991).

Investigations of covert visual attention in adults have identified three operations
in a shift in the focus of covert visual attention (Posner, Inhoff, Friedrich & Cohen,
1987). First, attention is disengaged from its current focus. Next, it is shifted to a new
location, and finally, it is engaged at the new location, a necessary condition for all
but the simplest perceptual processes. Each operation has been associated with a spe-
cific area of the brain: disengagement with the posterior parietal lobe; shifting with
the superior colliculus and engagement with the thalamus (Posner, 1988). Together
these three areas make up the PAS. The development of the first operation, disen-
gagement, is the subject of this report. Disengagement is a particularly important
operation for young infants because disengagement of covert visual attention is gen-
erally accepted to be a precondition for a shift in gaze, and infants shift gaze fre-
quently and systematically in the process of acquiring information about their envi-
ronment, and in communicating.

A number of sources provide information on the course of the development of the
ability to disengage. Since the operations involved in a shift in covert attention have
each been associated with a particular location in the brain, current knowledge of
neurological development allows us to form expectations about the approximate ages
at which specific functions will emerge. The thalamus, (engage), and the superior
colliculus, (shift), are both functional at the time of birth. The posterior parietal, (dis-
engage), however, does not become functional until the third month (Chugani,
Phelps, & Mazziotta, 1987). Shortly after birth, then, the infant should be able to shift
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and engage covert visual attention, but not to disengage it. At this stage shifts in
covert visual attention should be slow and unreliable, occurring only after the activa-
tion eliciting engagement has subsided spontaneously. Slow, unreliable shifting
should persist until the posterior parietal becomes active, during the third month of
life, and the ability to disengage emerges. From this age on, shifts should be fast and
reliable. Knowledge of neurological development thus suggests that there will be a
phase of slow, unreliable disengagement, lasting until sometime during the third
month, followed by a phase of fast, reliable disengagement.

The results of experiments directly measuring the frequency of disengagement of
gaze also suggest there are two phases in the development of disengagement of visual
attention. (Because of the infant’s limited behavioural repertoire, the ability to disen-
gage covert visual attention is measured by tasks which also require the disengage-
ment of overt visual attention, or gaze. This gives rise to problems of interpretation.
However, since the areas of the brain associated with disengaging covert attention
and with shifting the focus of overt visual attention become functional at different
ages, the third and fourth month respectively, we should be able to disentangle the
roles of covert and overt attentional mechanisms) The 6-week-olds Hood & Atkinson
(1993) studied shifted gaze from a central stimulus to look at a peripheral target
within the allotted 2.1 seconds on less than 20% of the trials, while the 3- and 6-
month-olds did so on almost all trials. Johnson, Posner & Rothbart (1991) found that
2- and 3-month-olds shifted gaze to the peripheral target on 35% and 45% of trials
respectively, while 4-month-olds did so on approximately 80% of trials.

Investigations which measure disengagement of gaze less directly, e.g. measure-
ment of peripheral visual field size using kinetic arc perimetry, produce converging
results. Measurements requiring disengagement of gaze show a stable visual field
from birth until 7 weeks of age, followed by rapid expansion (Mohn & van Hof-van
Duin, 1986; Harris & MacFarlane, 1974). Measurements not requiring disengage-
ment of gaze show a more continuous expansion from birth onwards (Harris & Mac-
Farlane, 1974).

Finally, incidental reports of particularly long fixations, sometimes accompanied
by signs of distress, in infants between 2 weeks and 10 -12 weeks of age suggest that
the disengagement difficulties observed in structured experimental conditions also
occur in more spontaneous situations (Stechler & Latz, 1965; Hopkins & van
Waulfften-Palthe, 1985).

The empirical evidence, then, is consistent in indicating two stable, qualitatively
different phases in the development of the ability to disengage. The first, lasting from
shortly after birth until 2-3 months of age, is characterized by slow, infrequent dis-
engagement; the second, beginning at about 4 months of age, is characterized by
swift, reliable disengagement. The transition to swift, reliable disengagement was
observed at different ages in different studies, but was in each case quite abrupt,
occurring in the period between 2 consecutive measurements. Two considerations led
us to speculate that the abrupt emergence of disengagement occurs against a back-
ground of gradual change on the neurological level. First, it seems likely that the neu-
rological development leading to functionality in the posterior parietal lobe will not
occur overnight, but rather over a period of a few weeks. Second, the integration of
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the newly active posterior parietal area into an already (partly) functioning PAS net-
work also seems likely to require time.

Catastrophe theory provides a mathematical description of noncyclic, discontinu-
ous transitions between two qualititatively different phases of a behaviour which are
associated with continuous change in variables thought to ‘control’ the behaviour
(Gilmore, 1981). Catastrophe theory also specifies a number of criteria, the catastro-
phe flags, which enable us to determine if a rapid change in behaviour meets the con-
ditions for this class of transition, or can better be described as rapid growth. It may
thus provide the quantitative description of the development of disengagement we are
seeking to allow a comparison of developmental trajectories in low and high risk
infants.

Our hypothesis was that the development of disengagement would be an example
of a noncyclic, discontinuous phase transition.

Method

Subjects

The subjects were 16 healthy babies, selected from 31 volunteers on the basis of an
optimal gestational, and peri- and postnatal history.The babies were seen 10 times, at
approximately 2-week intervals, between 6 weeks and 6 months of age. A normal
gestation lasts between 38 and 42 weeks. Since the development of visual processes
is very closely linked to the maturation of the nervous system, gestational rather than
chronological ages were used.

Procedure

The mothers were asked to bring their infant to the laboratory, usually only a short
distance, at a time at which he would be alert for at least 30 minutes. During each
session, the babies carried out two brief looking tasks. The babies were seated in an
infant car seat, facing three monitors, 45 cm from the central monitor. The monitors
were screened off from the rest of the room by a dull grey curtain. A videocamera
below the central monitor recorded the infant’s eye movements, and displayed them
on a fourth monitor, allowing the researcher to move through the tasks in response to
the infant’s eye movements. A soft headrest provided extra support for the youngest
subjects, and limited, although it did not prevent, head movements.

Task

The task used to measure frequency of disengagement is shown in Fig. 1. First,
a brightly coloured, moving pattern was presented on the central monitor. When
the infant had fixated the pattern, a second pattern, equal in contrast to, and flash-
ing in phase with, the central pattern, was presented 30 degrees to the left or the
right. The peripheral pattern remained visible for 5000 ms. Both patterns then
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disappeared. After an interval of 1250 ms, the following trial began with the
appearance of the central pattern. Ten trials with left peripheral targets and 10
with right peripheral targets were presented in pseudo-random order. Interspersed
among the disengagement trials were eight trials in which the central pattern dis-
appeared when the peripheral target appeared. These  unilateral’ trials showed
whether the target would elicit an eye movement in the absence of the central
stimulus

Disengagement Trials
Central Fixation Stimulus

5]

Competing Target (5000 ms)

=+ [E]

Unilateral Trials
Central Fixation Stimulus

5]

Unilateral Target (5000 ms)

3

Fig. 1. Disengagement Task.

The tapes were scored by third and fourth year psychology students. Infant eye
movements are not always unambiguous, often involving blinks or half-closed eyes
and head movements. Direction, but not response latency, was recorded where blinks
or head movements obscured the beginning of an eye movement. Intensive training
and scoring of the tapes half frame by half frame, (20 ms segments), produced high
levels of reliability for the direction and timing of the infants= eye movements, 92%
and 96% respectively.
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Results

The percentages of successful disengagement, errors and looking at a unilateral target
for three of the babies are presented in Fig 2. Not all of the babies completed 20 dis-
engagement trials. The number of trials on which a infant succeeded in disengaging
was therefore expressed as a percentage of the disengagement trials completed.
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Fig. 2. Percentage of Disengagement, Errors, and Looking to a Unilateral Target for three infants.

Fourteen of the 16 infants showed steep, rather abrupt increases in the frequency
of disengagement, from 10% or less to more than 70% over a 4-6 week interval. The
frequency of looking at the unilateral targets hovered between 70% and 100% during
this interval, showing clearly that the low incidence of disengagement in the first ses-
sion(s) was not the result of failure to respond to the peripheral target. The percent-
age of errors remained stable until two or three sessions after the increase in disen-
gagement, showing that the sudden increase in disengagement cannot be attributed to
a generalised increase in random looking.

While all infants showed sudden, steep increases in the frequency of disengage-
ment, there were considerable inter-individual differences in the age at which the first
significant increase occurred. The earliest increase was observed at 8 weeks of age,
the latest at 12 weeks of age. The interval between the first significant increase and
criterion ranged from 2 to 6 weeks, reflecting the fact that while six of the 16 infants
made a smooth, swift transition the majority plateaued, or dropped back after the ini-
tial increase before stabilising at 70-100% disengagement.

When the scores of the infants are combined, the steep increase in frequency of
disengagement remains clear, but the first phase, frequency of disengagement less
than 20%, is restricted to the sessions at 6 and 8 weeks of age (Fig. 3a). However,
significant increases in variance in Sessions 3 and 4 suggest that the inter-individual
differences in the age at which the increase began, and the steepness of some of the
earliest jumps may conceal the persistence of the first phase in some infants. The data
was fitted to a sudden jump model, and then regrouped according to the progress of
the transition by aligning the sessions at which the initial jump occurred. Two phases
can now be seen more clearly (Fig. 3b).

To determine whether the quite dramatic increase in frequency of disengagement
meets the criteria for a non-cyclic, discontinuous phase change as described in cata-
strophe theory, we tested for the presence of four flags which do not require experi-
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Fig. 3. Frequency of Disengagement: Mean and Standard Deviation a. By Age; b. By Point in Transi-

tion.

mental manipulation and could therefore be checked with our descriptive data: a sud-
den jump, bimodality, inaccessibility, and anomalous variance.

Fig. 4 presents the frequency distribution for the frequency of disengagement over
the 10 sessions for the group as a whole. Visual inspection suggests that the distrib-
ution is bimodal. However there are two peaks, albeit small, in the area of inaccessi-
bility. Two statistical methods were used to determine if the distribution was
bimodal. The first, Hartelman’s Modes (1996), is more appropriate for our data
which was in the form of percentages rather than absolute frequencies. It showed a
much higher probability for a bimodal than a unimodal model, and a slightly higher
probability for a bimodal model than for a trimodal model (Table 1).
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Fig. 4. Frequency Distribution: Percentage of occurrence of Disengagement for all infants across all

sessions.

P. R. Butcher and A. F. Kalverboer

87



A bimodal model also explained considerably more variance than a unimodal modal
on the second measure, mixture distributions (Van der Maas, 1993). Inclusion of a
third component produced a further, although slight, increase in explained variance.
The clear gain from bimodal models in each case, and the small differences in fit for
bi- and trimodal models supports a tentative conclusion of two modes separated by a
region of inaccessibility.

Table 1.

a. Model Estimates using Modes b. Model Estimates using mixture distributions

No of modes P No. of components AIC x2 VAF
1 .07 1 1104 13147 234
2 .87 2 771 57 .885
3 .63 3 730 4 .994

To determine whether the transition to frequent, reliable disengagement took the
form of a sudden jump, individual developmental trajectories were fitted to a sudden
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Fig. 5. Fits based on sudden jump model.
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jump model, with two levels (Fig. 5), and a logistic growth model, using least
squares (Fig. 6. See for details van Geert, 1994). In 10 of the 16 cases, there was very
little difference between the fit of the data to each model. The sudden jump model
did not provide consistently better fits. The mean of the individual R?’s for the sud-
den jump model was not significantly higher than that for the logistic growth model,
.799 and .720 respectively. We were therefore unable to conclude that there was evi-
dence in our data for a sudden jump.
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Fig. 6. Fits based on a growth model.

Sudden jump and logistic growth models differ quite clearly in how they
approach the fluctuations that were found in the frequency of disengagement fol-
lowing the initial increase. Fluctuations in behaviour are predicted around a transi-
tion by a sudden jump model, and treated as oscillations between the level of dis-
engagement found in the initial infrequent or no disengagement phase and that
found in the final, frequent disengagement phase (Hartelman, van der Maas &
Molenaar, 1998). (Values between these two levels fall in the area of inaccessibi-
ity, and should not, in theory, occur.) A growth model does not predict such fluc-
tuations, and treats them as externally induced perturbations. If the observed fluc-
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tuations can be shown to coincide in time with other indications of intrinsic insta-
bility of disengagement behaviour, this would favour an interpretation of fluctua-
tions as internally generated, anomalous variance, and strengthen the case for the
sudden jump model.

Anomalous variance is one of the strongest criteria for a transition in the sense of
catastrophe theory (van der Maas & Molenaar, 1996). It may take the form of behav-
iours intermediate between the pre- and posttransitional behaviours, or of irregulari-
ties in the behaviour itself, e.g. large variations in behavioural frequency or response
latencies. We found evidence for the first form of anomalous variance. Two interme-
diate behaviours were observed during the disengagement task: delayed disengage-
ment, looking to the peripheral target only after both central and peripheral patterns
had disappeared, and partial disengagement, moving the eyes only partway to the tar-
get. Intermediate behaviours occurred on 25% or more trials in 5 subjects one session
before, and during the first significant increase in frequency of disengagement. Fig.
7 shows the frequency of intermediate behaviours, and the stage in the transition at
which they occurred for three infants. The nature of the intermediate behaviours pro-
vided valuable insights into the role of overt and covert visual attention in disen-
gagement of gaze.
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Fig. 7. Frequency of Disengagement and Intermediate Behaviours by Age.

Response latencies for 11 of the 16 infants showed a steady, sometimes initially
steep, decline over the 10 sessions. The remaining five infants showed a definite peak
at some point in the general decline. Three typical trajectories are shown in Figure 8.
The case for seeing fluctuations in frequency of disengagement as a reflection of
internally generated, anomalous variance would be strengthened if they coincided
with fluctuations in response latency.

Significant fluctuations in frequency of disengagement were observed in one
infant during the transition, and in five infants after the transition.The single fluc-
tuation in frequency during the transition coincided with a fluctuation in response
latency (See Fig. 8, Infant 14); however, fluctuations after the transition did not.
We concluded that there was no evidence for anomalous variance as indexed by
a correspondence between fluctuations in response frequency and response
latency.
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Fig. 8. Frequency of Disengagement and Latency to Disengage by Age.

Conclusion

The finding of two phases in the emergence of the ability to disengage is in agree-
ment with the results of previous research. The age at which the transition between
the phases began differed considerably among the infants we studied, with the earli-
est transition beginning at 8 weeks, and the latest at 14 weeks. The duration of the
transitional period also varied considerably, with the result that the transition spanned
a period extending approximately from the lowest to the highest ages that have been
associated with significant increases in frequency of disengagement in the literature.
Both the occurrence of two phases and the timing of the transition between them are
consistent with current understanding of early neurological development.

Statistical measures provided only tentative support for bimodality and inaccessi-
bility. The results of curve fitting did not allow us to choose between a sudden jump
and a growth model. There was evidence for a fourth flag, anomalous variance. This
strengthened the case for a sudden jump over a growth model. However, at this stage
of the analysis we are unable to reach a definitive conclusion as to whether the emer-
gence of disengagement is a noncyclic discontinuous phase transition. Further inves-
tigation involving the experimental manipulation of control variables necessary to
establish the presence of criteria such as hysteresis and critical slowing, which pro-
vide particularly strong evidence for a catastrophe theory type transition (Van der
Maas & Molenaar, 1996), is necessary.

Experiments to gather evidence for hysteresis would be a fruitful next step. Manip-
ulation of potential control parameters would not only clarify the nature of the tran-
sition we observed but may also allow us to identify the variables which control the
emergence of the ability to disengage. Two basic processes seem to play a central
role in disengagement: arousal evoked by the peripheral stimulus and inhibition
evoked by the fixated stimulus. Possible control variables are those which reflect
continuous developmental processes, which are known to affect frequency of
responding to visual stimuli, and which could influence the intensity of both arousal
and inhibition. One such variable may be the spatial frequency of the stimulus. Vari-
ations in spatial frequency are used to assess infant visual acuity. Varying the spatial
frequency of the peripheral target and its background, with the central stimulus held
constant, would provide insight into the effect of changes in intensity of arousal.
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Varying the spatial frequency of the central stimulus and its background, with the
peripheral target held constant, would provide insight into the effect of changes in
intensity of inhibition. At the same time, evidence for the presence of hysteresis on
the basis of both arousal and inhibition would be obtained.

Acknowledgements

We would like to thank Dr. P. van Geert, Dr. H. Van der Maas and Dr. P. Hartelman
for their help with the curve fitting, and the analysis of the modality of the frequency
distribution.

References

Banks, M. S. and P. Salapatek (1983). Infant visual perception. In P. H. Mussen (Ed.) Handbook of
child psychology. Vol Il Infancy and developmental psychobiology (pp. 433-571).

Chugani, H. T., M. E. Phelps and J. C. Mazziotta (1987). Positron emmission tomography study of
human brain functional development. Annals Neurology, 22, 487-497.

Corbetta, M., F. M. Miezin, S. Dobmeyer, G. L. Shulman and S. E. Petersen (1990). Attentional modu-
lation of neural processing of shape, color, and velocity in humans. Science, 248,1556-1559.

van Geert, P. (1994). Dynamic systems of development: Change between complexity and chaos. Lon-
don: Harvester Wheatsheaf.

Gilmore, R. (1981). Catastrophe theory for scientists and engineers. New York: Wiley.

Harris, P. L. and A. MacFarlane (1974). The growth of the effective visual field from birth to seven
weeks. Journal of Experimental Child Psychology, 18, 340-384.

Hartelman, P. A. I, H. L. J. van der Maas and P. C. M. Molenaar (1998). Detection of developmental
transitions. British Journal of Developmental Psychology, 16, 97-122.

Hopkins, B. and T. van Wulfften Palthe (1985). Staring in infancy. Early Human Development, 12, 261-
267.

Hood, B. and J. Atkinson (1993). Disengaging visual attention in the human infant. Infant behavior and
Development, 16, 405-422.

Johnson, M. H., M. L. Posner and M. K. Rothbart (1991). Components of visual orienting in early
infancy: contingency learning, anticipatory looking and disengaging. Journal of Cognitive Neuro-
science, 3, 336-344.

Klein, R. M. (1979). Does oculomotor readiness mediate cognitive control of visual attention? In R. S.
Nickerson (Ed.) Attention and Performance VIII (pp. 259-288), Hillsdale, N.J.:Erlbaum.

van der Maas, H. L. I. (1993). Catastrophe analysis of stagewise cognitive development. Doctoral dis-
sertation, University of Amsterdam.

van der Maas, H. L. J. and P. C. M. Molenaar (1996). Catastrophe Analysis of discontinuous develop-
ment. In Categorical Variables in Developmental Research: Methods of Analysis. Academic Press.

Mohn, G. and J. van Hof-van Duin (1986). Development of the binocular and monocular visual fields
of human infants during the first year of life. Clinical Vision Sciences, 1, 51-64.

Posner, M. 1. (1988). Structures and functions of selective attention. In T. Boll and B. Bryant (Eds.)
Clinical Neuropsychology and brain function (pp. 173-202). Washington, D.C.: APA.

Posner, M. 1., A. W. Inhoff, F. J. Friedrich and A. Cohen (1987). Isolating attention systems: a cogni-
tive-anatomical analysis. Psychobiology, 15, 107-121.

Saarinen, J. and B. Julesz (1991). The speed of attentional shifts in the visual field. Proceedings
National Academy of Sciences, 88, 1812-1814.

Stechler, G. and E. Latz (1966). Some observations on attention and arousal in the human infant. Jour-
nal American Academy of Child Psychiatry, 5, 517-525.

92 A phase transition in infants’ ability to disengage visual attention



